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AOOtract: 
Det:e.nniniig the stnlCb.Ire of the U.s. Marine Instrumentation IrrlustJ::y 
am Its IQ:;it.:ial in the lt«lrld IrrlustJ::y 
'Ihi.s report is a general, but comprehensive, description and analysis of 
industrial organization in the field of marine electronic instnnnentation (MEI), a 
broadly defined "irrlustry, 11 which until now has received little systematic, 
scholarly attention. 'Ihe report reviews the current literature on international 
trade and competitiveness, as well as trade and scientific journals relevant to 
the irrlustry. 'Ihe results of a series of interviews with representatives of the 
industry and responsible govennoont agencies are presented and industry and 
govennoont data on R&D and output have been collected and analyzed together with 
other indicators of industrial perfonnance. On the basis of these sources, the 
structure of the i.ndustry and its markets is characterized and the ilrportance of 
marine el€ctronic instnnnentation in international high technology trade is 
established. over 350 finns in the u.s. irrlustry are identified, which annually 
earn total estimated gross revenues of approximately $5 billion. These finns fall 
into three largely distinct industry groups: (1) defense systems contractors; (2) 
corrnnercial marine electronics; and (3) scientific instnnnentation. 'Ihe first 
group is by far the largest in sales vol\.IIre and is oligopolistic in structure, 
consist~ of a few large rivals for infrequent and complex defense systems 
contracts. 'Ihe other groups are more purely competitive. Four major customer 
groups are dist~ished: (1) military; (2) corrnnercial and recreational shipp~ 
and boat~; (3) offshore oil and gas; and (4) oceanographicjenvirorunental. Most 
of the finns in the irrlustry face international competition. The ilrportance of 
marine electronic instnnnentation to technological advance and economic activity 
in the world's oceans is strongly apparent. Parameters affect~ the 
international competitiveness of finns in this industry, includ~ those relat~ 
to industry structure and behavior and goverrunental practices and institutions 
such as sponsored research, procurement, intellectual property rights, tax 
allowances, antitrust enforcement, small business encouragements, export controls, 
ilrport restrictions, exchange rates, and technology transfer are summarized. A 
number of issues relat~ to international competition, economic analysis, and 
goverrunent policy that are fruitful areas for further research also are identified. 
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'!his document reports the results of a first year of research on the 
structure of the U.S. marine inst.nnrentation irrlustry and its position in the 
world irrlustry. The goal of this first year of study was to provide a broad 
description of irrlustrial organization in the field of marine electronic 
inst.nnrentation. Drri.n:J the course of the study it has become clear that no 
previous overview of irrlustrial organization and cornpeti ti ve dynamics in this 
field is available. 
'!his research project is one of three cornprisi.n:J a multi-institutional 
program, "Develcpirg a NatiCXlal Marine Electronics Agenla, " sponsored by the 
Massachusetts Centers of Excellence Corporation (MCEC) with funds from the 
National Oceanic and Atmospheric Administration (NOAA). The two other research 
projects in the MCEC program are bei.n:J conducted at the Oceanic Institute of 
Hawaii ("Projecti.n:J Demarrl for United States Manufactured Instrumentation in 
Aquaculture and Selected Fisheries Sectors") and at Florida State University 
("SUrvey of Marine Inst.nnrentation User Communities in Selected Marine Sectors11 ). 
The three research projects have been assisted and reviewed by a "Marine 
Instrumentation Panel" consisti.n:J of participants in and experts on the marine 
instrumentation irrlustries. Drawi.n:J on results of the research projects and its 
own expertise, the Marine Instrumentation Panel is seeking to devise and 
articulate a national marine electronics agenda to enhance the health of the 
nation's marine electronic instnnnentation sector. 
The research results reported herein will be supplemented by those of a 
secorrl year of work concentrating on: (1) a sharper resolution and quantification 
of the broad irrlustry profile presented here; (2) detailed examination of the 
sources of incentive activity and pathways of technology transfer in the field; 
and (3) a conpa.rative study of goverrnnental involvement and support for finns in 
this field in those nations with which U.S. finns compete most heavily. 
Therefore, this report should be treated as a working draft of research in 
progress and still subject to substantial revision, correction, and rncx:lification. 
All comments and suggestions are most heartily welcomed. 
A large number of irrlividuals contributed in various ways to the completion 
of this report, and they are listed with great appreciation in Appendix E. 
Special thanks are due to Director Megan Jones and Project Director Gary Glenn of 
the Massachusetts Centers of Excellence Corporation, to Program Monitors Olarles 
Kearse and Bernard Polanin of National ocean Service in NOAA, and to Program 
Coordinator Arthur Gaines of the Wcx:x:ls Hole oceanographic Institution. All have 
supported this work through active involvement and enthusiastic encouragement. 
This report was prepared by James Broadus, Porter Hoagland, and Hauke Kite-J?ow'ell 
at the Marine Policy Center of the Wcx:x:ls Hole Oceanographic Institution. 
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'Ihe purpose of this study has been to generate a broad description of the 
irrlustrial field of marine electronic instrumentation. 'Ihe report seeks to 
provide a fairly comprehensive, qualitative overview of industrial organization in 
this field and to identify those features that merit more detailed examination. 
Marine Electrari.c I:nst.ruroontaticn in the Context of World High 'l.'ecflrx>logy 
Ccmpetiticn 
High teclmology products are important to the economic strength of the United 
States, as R&D-intensive products continue to sho;v the best performance of any 
U.S. foreign trade sector (Figure 1; p. 1) . It is a matter of national concem, 
therefore, that the U.S. share of world high teclmology manufactures exports has 
been declining since 1982 , potentially indicating that the corrpetitiveness of U.S. 
high :technology firms has faltered. U.S. civilian R&D expenditures (as a 
percentage of GNP) have lagged substantially behind those of competitors like 
Japan and West Gennany (Figures 3a and 3b; pp. 3-4). Although general causes are 
superficially appealing, issues associated. with international competitiveness are 
likely to be idiosyncratic to individual irrlustries, requiring careful examination 
of those industries to understand and analyze appropriate policy responses. 
At the intersection of the world electronics market of $400 to $500 billion 
sales per year (spy), the world marine market on the order of $400 billion spy, 
and the world instrumentation market of about $250 billion spy, there exists a 
significant area of high teclmology products that can be described as "marine 
electronic inst:nnnentation." Broadly defined as the group of finns producing 
electronic tools and devices for use in marine environments (including oceans, 
lakes, and streams) the marine electronic instrumentation sector includes an 
annual U. S . production of same $5 billion in a world market of about $10 billion 
(Figures 16, 19; pp. 24, 26) . 
Early marine electronic instnnnentation includes radio, first employed on 
ships in the early 1900s, sonar devices in the 1910s, and radar in the 1930s. The 
history of these instnnnents highlights several features of ilnportance in today' s 
industrial dynamics: (1) the prevalence and vigor of intemational competition; 
(2) the limited usefulness of patent protection; (3) the manner in which the 
technology may span several ilnportant end use sectors; ( 4) the crucial ilnportance 
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of the Navy as a dominant custc::s:rer arrl influence on industcy evolution; arrl (5) 
the effects of nationalistic interests in govenunental intervention . Modern 
developr!€l1ts have been driven largely by govenunent interest in the ocean 
activities arrl by the offshore energy boom in the 1960s and 1970s. 'Ihe importance 
of advanced marine technologies arrl instrumentation was emphasized by the Stratton 
Commission in its 1969 report arrl has also been noted in other govenunent studies. 
D.le to its "high tech" aspects arrl the underlying similarities of the world's 
oceans, trade arrl competition in this field are international in nature. U.S. 
producers face foreign competition in virtually all product lines. Four 
principal end-use sectors can be distinguished, and they are listed here with 
estima.tes of u.s. annual sales voll.nnes (Figure 15; p. 23): (1) the military ($2 
billion), (2) offshore energy ($200 million), (3) recreational and cammercial 
shipping and boating ($500 million), and (4) scientific ($100 million). 
strucb.rral OVerview of the U.S. Mari.IE Electronic Instrtmentation "Irrlustry'' 
Serving the four user groups above are four major groups of firms (see Figure 
21; p. 23}: (1) oc:::earr.graiicjerwl.rorurent:al i.nst:J:umentation shc:p;, clustered 
around academic institutions (see Figure 22; p . 36}, which generally mature at 
annual sales below $10 million and specialize in custom instruments for the 
scientific and offshore communities; (2) c:x::mrercial "marine elect.r:onics" fi.rm:>, 
which produce retail navigation and communication equipment for the cammercial and 
recreational "mass markets" arrl generally have annual sales in the tens of 
millions; (3) military CXJIIb:actors, which specialize in large systems work for the 
u.s. and foreign navies and are usually $100 million-plus divisions of defense 
contracting giants (Figure 23; p. 39}; and (4) service carpanies, which provide 
product design and support for all end-user groups and are particularly important 
in the offshore business. 
The "industcy" as a whole is competitive and characterized by niche-seeking 
and specialization. Barriers to entcy and exit, and to mobility across product 
lines, tend to be relatively low. A small m.rrnber of large suppliers dominate the 
military markets, where high-stakes, multi -year systems contracts are the rule. 
Anti -submarine warfare (ASW) and integrated navigationjcornmunicationjbattle 
management systems are the major military uses (Figure 24; p. 41} . Mass 
production is found only in some retail marine electronics and in expendable 
probes. Key aspects of the "industcy" include the involvement of goverrnnents 
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(R&D subsidies, procurerrent policies, i.np:>rt restrictions and export controls, 
amon;J others), the international nature of competition and trade, and the 
:i.nportance of R&D and inventiveness to sustained success (Figure 25; p. 44). 
Instib.rt:icnal Parameters Affect:.:in.J Ccmpetition in Marine Electronic 
Instnimentati<n 
Some of the nost i.np:>rtant factors that affect the perfonnance and 
competitive position of u.s. marine electronic inst.nnnentation finns are 
institutional ones, nanely incentives or restrictions on R&D, production, and 
domestic and international trade. Broad national and international policies 
govern research, production, and markets for most manufactured goods, and specific 
policies govern irxtividual goods and services in this industry. These policies 
include domestic "irrlustrial" policy, such as the protection of intellectual 
property, business and income taxation, and antitrust policy, and policies 
affecting international trade, such as export controls and :i.nport restrictions. 
Other policies specific to marine electronic instnnnents include goverrnnent 
invesbnents in R&D, "buy-national" procurerrent rules, validated export license 
detenninations for cx:mtrolled items, and nontariff trade barriers (such as 
goverrnnent funding of development costs of technologies competing in world 
markets) , among others. '!he U.S. goverrnnent annually provides on the order of 
$500 million for R&D in marine electronic inst.nnnentation. Nearly all of these 
expenditures originate from the u.s. Navy, are directed predominantly toward 
advanced research and development stages of technologies (called RDI'&E), and now 
errphasize ASW as a research priority (Figures 26 and 27; pp. 48-49). Basic 
research efforts, while small in comparison, originate in the Navy, NOM, and NSF, 
and are important to the oceanographicjenvirorunental inst.nnnentation sector of the 
industry. Similarly, the Navy accounts for the lion's share of goverrnnent 
procurement (Figures 32 and 33; pp. 56-57). As a consequence, military research 
priorities and procurerrent policies have a major effect on the state and 
development of the .industry. 
Goverrnnent programs that encourage invesbnent across all industries are seen 
to have only a limited ilrpact on the .industry. For example, patent protection 
rarely is sought by members of this .industry, and research tax allowances are 
employed by only a subset of finns in the .industry. Joint ventures in R&D and 
small business innovation research awards to date (Figure 37; p. 73) have been of 
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minor irrportance in this industry. Venture capital invesbnents are 
inconsequential, irrlicating that industry grCMth ma.y be perceived as long-term, 
although discrete opportunities for investment in technologies with rapid, short-
term growth potential may exist. 
'Ihe variable irrposi tion of export controls has caused problems in terms of 
regulatory uncertainty an:i foreclosed sales for some members of the industry, 
particularly for smaller finns in the scientificjenvirorunental instnnnentation 
sector (Figure 40; p. 78) • Recent technology diversions around inten1ational 
export control mech.anisms may have had an important influence on the allocation of 
goverrnrent defense funds toward ASW, stimulating activity in the military 
contractor sector. Tariffs are less significant barriers to trade than "buy-
national" policies an:i goverrnrent subsidies of R&D programs. 'Ihe introduction of 
new policies in the United States (the 1988 Trade Bill and the u.s. canada Free 
Trade Agreement) will have as yet unseen effects on inten1ational trade in marine 
electronic instnnnentation. 'Ihese issues require further attention. 
'Ihe flows of technology between industry sectors (e.g., offshore to 
military) and across institutional and international boundaries (e.g., from 
goverrnrent labs to irrlustry [Figure 43; p. 90] and from the North Sea to the Gulf 
of Mexico) potentially are significant factors that affect industry growth and 
inten1ational competition. Technology transfer and the sources of inventiveness 
and innovation are likely to hold the key to the future competitiveness of the 
industry. 'Ihe influence of national laboratories, engineering centers of 
excellence, and university curricula and the mechanisms by which consumer needs 
are communicated to finns in the industry are also areas requiring additional 
investigation. 
Cc:lrx::lusians 
Marine electronic instrumentation encompasses most of the high technology 
tools that are vital to the efficient exploration, understanding, and use of the 
oceans. Technological advance and economic activity in the world's oceans depend 
strongly on this class of technology. Producers of these instnnnents sell into a 
world market, and their consumers span all ocean sectors from undersea defense to 
offshore oil an:i gas, oceanographic research, envirorunental monitoring, conunercial 
shipping 1 fishing 1 an:i recreational boating. 
Annual prcx:hlction of marine electronic instnnnentation in the U.s. is on the 
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order of $3 to $5 billion, with perhaps 20 to 30 percent of this being exported, 
arrl a smaller anount being i.nported. '!he world market for these products is 
estimated at about $10 billion annually. u.s. firms face foreign competition on 
nearly all of their marine electronic instnnnentation products. 
Goverrxm=nts affect international competitiveness in the marine electronic 
instnnnentation irrlustry. '!he Navy has always been of central i.nportance in 
driving technology developrent in this field. R&D intensity arrl the rate of 
inventiveness arrl innovation are particularly i.nportant to the success of firms in 
this irrlustry. '!he sources arrl pathways of technology transfer, as well as 
inventiveness arrl innovation, in this U.S. industry are of great i.nportance to its 
continued competitiveness. 
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1. Introduction: Marina Electronic Instrumentation in the Cbnt:ext of 
World High Tedmolo:JY Ccllpetition 
1.1. Importance of High Technology Cornpeti ti veness. 
High technolc:xy products (and associated industries and services) are 
important to the economic strength of the United States, both domestically and 
internationally (Spence and Hazard, 1988) . High teclmolc:xy products are defined 
generally to include those products for which research and development (R&D) 
expenditures are a significant (perhaps as high as 5 to 15 percent) proportion of 
sales . Figure 1 compares R&D expenditures for high teclmolo;w manufacturers with 
other manufacturing industries over the twenty year period from 1964 through 1985 
(NSB, 1987) . High technolo;w's share of domestic U.S. production and exports has 
grown rapidly during the past decade and is generally considered to be one of the 
mainstays, present and future, of American economic wellbeing. 
so 
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Figure 1: u.s. R&D Experrlitures for High Tedmology ani other Irrlust:ries, 
1964-85. Oxlstant 1982 dollars, in billions. Source: NSB 
(1987). 
It is a matter of national concern, therefore, that the u.s. share of world 
high technology manufactures exports has been declining since 1982 (ITA, 1985). 
The U.S. share of all major industrial countries' high technology exports fell 
from 28.4 percent in 1965 to 23.1 percent in 1978 (ITA1 1985). As shown in Figure 
2, although the U.S. share has recovered somewhat in the past decade, it did not 
regain its 1965 mark and has been slipping again in recent years (OECD, 1986). 
Figure 2: 
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Some of the immediate causes of the eroding U.S. high technology 
competitiveness are becoming apparent. Inadequate investment in both tangible 
(plant and equipment) and intangible (R&D and learning) capital may be an 
irrportant factor, resulting primarily from the high costs of capital associated 
with a low overall national savings rate (Hatsopoulos, Krugman and Summers, 1988) . 
For the advanced. technology industries, intangible capital investments may be the 
lTK)St irrportant, and inadequate investment in this field seems allTK)st paradoxical 
in light of upward trends in R&D expenditures. For example, industrial R&D in 
electrical equipment (SIC code 36), which includes radio and television receivers, 
connnunications equipment, and electronic components, has followed the trend for 
high technology manufacturers generally, increasing from $8 billion in 1960 to $10 
billion in 1970, and $15 billion in 1985 (NSB, 1987). The electrical equipment 
class has a relatively high rate of R&D funding as a percent of net sales, 
averaging just under seven percent during this period, allTK)st double the average 
for all manufacturing industries. Even with this growth, however, the rate of R&D 
spending has barely kept pace with the efforts of other high technology 
competitors (Figures 3a and 3b). 
Year France West Germany Japan United Kingdom United States 
National expenditures on R&D as a percent of GNP 
1970 ....... .. ... 1.91 2.06 1.85 2.07 2.57 
1971 ........... . 1.90 2.19 1.85 NA 2.42 
1972 . .. .. ....... 1.90 2.20 1.86 2.11 2.35 
1973 ....... .... . 1.76 2.09 1.90 NA 2.26 
1974 ...... . .... . 1.79 2.13 1.97 NA 2.23 
1975 ..... .. . .... 1.80 2.22 1.96 2.19 2.20 
1976 ...... . ..... 1.77 2.15 1.95 NA 2.19 
1977 .... . .. . .... 1.76 2.14 1.93 NA 2.15 
1978 ..... ...... . 1.76 2.24 2.00 2.24 2.14 
1979 .... ....... . 1.81 2.40 2.09 NA 2.19 
1980 ........... . 1.84 2.42 2.22 NA 2.29 
1981 ••• • • • 0 • • •• • 2.01 2.44 2.38 2.41 2.35 
1982 ........... . 2.10 2.59 2.47 NA 2.51 
1983 ............ 2.15 2.54 2.61 2.25 2.56 
1984 .. . .. ... .... 2.25 2.52 2.61 NA 2.59 
1985 ... ... ...... 2.31 2.67 2.77 2.42 2.69 
1986 .. ...... .... 2.41 2.74 NA NA 2.72 
1987 . ........... NA NA NA NA 2.77 
Figure Ja: National Experrlitures for ~o:rmarve of R&D as a Fercent of Gross 
National Product, by Country, 197o-87. Source: NSB (1987). 
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Year France West Germany Japan United Kingdom United States 
Estimated non-defense R&D expenditures as a percent of GNP 
1971 .... . . . . ... . NA 2.03 1.84 NA 
1972 ...... . .. . . . 1.58 2.08 1.84 1.56 
1973 .. ... • .... . . 1.38 1.94 1.89 NA 
1974 .... . .... . .. 1.43 1.98 1.96 NA 
1975 .. .. . . .. . ... 1.46 2.08 1.95 1.55 
1976 .. .. .... . .. • 1.44 2.01 1.94 NA 
1977 .. . .... .. .. . 1.44 2.01 1.92 NA 
1978 .... .. . . . . .. 1.41 2.10 1.98 1.61 
1979 .. . . . . . . . . .. 1.42 2.27 2.08 NA 
1980 .... . . . . . . .. 1.43 2.30 2.21 NA 
1981 . . .. . . . . . .. . 1.50 2.34 2.37 1.72 
1982 . .. . . . .. . ... 1.63 2.48 2.46 NA 
1983 ... . . ... . ... 1.69 2.43 2.60 1.60 
1984 . .... ... . ... 1.76 2.41 2.59 NA 
1985 .. . . ... . .... 1.85 2.53 2.75 1.71 
1986 .. .. . .. . . .. . . 1.94 2.60 NA NA 
HlR7 NA NA NA NA 
Figure 3b: Estimated Non-Defense R&D Experrli:brres as a Percent of Gross 
National Product, by Counb:y, 1971-87. Source: NSB (1987). 
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Compared to Japan and West Gennany, there has been a distinct erosion in 
relative non-defense R&D effort by the United States. Although the U.S. total 
national R&D-to-GNP ratio for 1988 is estimated at 2.7 percent (~le to 
that of Japan and West Gennany), the u.s. spenis a substantial proportion of its 
national R&D funds on military projects. Since World War II, military R&D has 
accounted for roughly half of all u.s. R&D spen::ling; this figure has risen today 
to 68 percent. Japan and West Gennany, prohibited since World War II f r om 
following this example, have instead invested their R&D efforts into cormnercial 
products and processes. The u.s. civilian R&D-to-GNP ratio for 1983-88 has 
hovered just below 1. 9 percent, while the comparable figures for Japan and West 
Gennany are 2.6 and 2. 7 percent, respectively (NSF, 1988). 
It is likely, however, that there are idiosyncratic factors that affect the 
competitive position of fi:nns in discrete markets, and broadscale analysis may 
result in only a generalization of problems and solutions, inadequate or 
sometimes inappropriate to the ind.i vidual industry. From a industry-level 
perspective, several theories have emerged in attempts to to explain the 
dwindling competitive position of U.S. fi:nns. Some corranentators believe that 
business in the United States has entered a period of "financial caution and 
interest in short-tenn profits, " relying less on invesbnent in risky high 
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technology R&D and more on teclmology ~rt (Rom:m and Puett, 1983). others 
believe that the innovation process in the United States gives too much emphasis 
to "significant new technical breakthroughs" (Young, 1988) and that incremental 
innovation focusing on manufacturing, design, and the product development cycle 
:rna.y be of greater ~rtance to the commercialization of a breakthrough and 
ultimately to competitiveness (Gornory and SChmitt, 1988). 
This re_port is part of a study designed to determine the nature of the U.s. 
marine electronic instnnnentation 11 industry, 11 to identify the cornpeti ti ve 
position of U.S. firms with respect to foreign manufacturers in international 
markets, and to suggest ways in which its future viability and competitiveness 
might be assured. 
1. 2. The Marine Electronic Instrumentation Industry. 
Bridging a world electronics market of $400 to $500 billion, and a world 
marine market on the order of $400 billion, there is a small but recognizable and 
critically ~rtant area of high technology that can be described as "marine 
electronic instnnnentation. 11 Annual production of marine electronic 
instnnnentation in the United States is on the order of $5 billion, with perhaps 
20 to 30% of this being exported, and a smaller amount being ~rted (the world 
market is estimated here at about $10 billion) (see section 1.6. below). 
Marine electronic instnnnentation encompasses most of the high technology 
tools that are vital to the efficient exploration, understanding, and use of the 
oceans. The producers of these technologies sell into a world market, and their 
consumers span all cx:::ean sectors from undersea defense to offshore oil and gas, 
cx:::eanographic research, envirornnental monitoring, conunercial shipping, fishing, 
and recreational boating. 
In the three general industrial classes most closely related to marine 
electronic instnnnents (communications equipment, electronic components, and 
scientific instnnnents), the U.S . has faced strong competition in the 
international marketplace from Japan and, to a lesser extent, West Germany. As 
shown in Figure 4, for trade in this decade, these are the only high technology 
industrial classes that have moved from trade surpluses to trade deficits (COO, 
1987) . The marine electronic instnnnentation field is part of the electronics 
products business, for which U.S. exports in 1987 totalled some $40 billion, well 
below the u.s. ~rts of nearly $58 billion (EIA, 1988). Among all manufactured 
products, U.S. firms are exposed to foreign competition on 70 percent of their 
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Industry (Standard 1980 1983 1986 
Industrial Classification) Exports Imports Balance Exports Imports Balance Exports Imports Balance 
Drugs (283) 2 . 0 1.0 1.0 2.6 1.3 1.3 3.1 2.3 0.8 
Industrial Organic Chemicals (286) 6.4 2.2 4.2 6.0 2.9 3 . 1 6.9 4.1 2 .8 
Computers and Office Equipment (357) 8.7 2.5 6.2 11 .7 6 . 2 5.5 16.1 13 .5 2 . 6 
Communications Equipment (366) 2.7 2.5 0 .2 3.7 4.5 -0 .8 4.3 6.3 -2. 0 
Electronic Components (367) 6.2 5.3 0 . 9 7.7 8 .0 
-0.3 9.2 13 .4 -4.2 
Aircraft and Parts (372) 14.6 2.7 11.9 14.6 2.6 12 . 0 18.4 5 .7 12 .7 
Scientific Instruments (380) 7 .8 4 .8 3 . 0 8 . 5 6.1 2 . 4 9.7 10 .7 -1.0 
Total 48.4 21.0 27 .4 54.8 31.6 23 . 2 67.8 56 . 1 11.7 
Figure 4: u.s. High Tec:ilrx>logy Trade Balan;::,e for Selected Years. In billions of 
current dollars. Note: M:Guckin ani Pasc:xJe (1988) explain prd>lems 
asscx::iated with the representation of broad-scale SIC categories in 
high-t:ec.hn:>logy areas. Sa.Iroe: COO (1987). 
prcx:lucts (Young, 1986). In contrast, u.s finns in the marine electronic 
instnnnentation irrlustry are exposed to foreign competition on nearly 100 percent 
of their prcx:lucts. 
Prior to the study we have undertaken, the irrlustry serving the marine 
electronic instrumentation field had received virtually no systematic attention, 
despite the fact that marine instrumentation is a market in which the u.s. 
traditionally has been a leader. Historically, the United States has been aware 
of the importance of marine instruments as technologies fundamental to all ocean 
sectors. In 1966, the Marine Resources and Engineering Development Act [P.L. 89-
688]1 identified as a U.S. policy objective: 
The development and improvement of the capabilities, performance, use, 
and efficiency of vehicles, equipment, and instruments for use in 
exploration, research, surveys, the recovery of resources, and the 
transmission of energy in the marine envirornnent (emphasis added) . 
The "Stratton Conunission Report," called for by this Act and published almost 20 
years ago, noted the irnportance of marine instrumentation to the exploration and 
1 33 U.S.C.A. 1101(b) (3). 
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development of marine resources, but did not include an industry study (CMSER, 
1969) . SUbsequent reports also have recognized the in:lispensable nature of marine 
instnnnents but have stopped short of an examination of the overall organization 
and perfonnance of the industrial effort that invents and produces them (see 
section 1. 4 . 2. bela.Y) . 
'!here can be no doubt of the value of progress in marine electronic 
instnnnentation,since it is closely linked to progress in our ability to 
understand and use the cx:::eans effectively. Ha.Yever, in addition to facing 
problems common to all high technology industries today, U.S. marine electronic 
instnnnentation finns are further affected by other circLnnstances specific to the 
marine industries. Prominent among these are the cyclical fortunes of the 
offshore oil industry, . which in its exploration and development activities has 
been a major market for marine electronic instnnnentation. 
As expressed by experts in government and academia, the recent downturn in 
offshore oil and gas activity may cause concern for future progress in marine 
electronic instruments, particularly because of present reductions in basic 
research (e.g . , Figure 5) and education. '!his point is made by Wells 
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(1988) of the Naval Civil Engineering laboratory: 
Today, the offshore oil industry has limited dollars available for ocean 
engineering and research. Most research is nON sponsored or conducted 
by military research activities, and this is having an unintended but 
inevitable impact on oceanic research conducted at universities. loss 
of research income is harrpering university efforts to retain staff and 
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acquire mcx:lern equipnvant leading in turn to fewer students seeking 
careers in ocean enJineering. . . • J:h.mstream effects of the decline in 
ocean research are troubling. Engineers and scientists who have 
already left the irrlustJ:y probably will not return; the influx of new 
enJineers and scientists will continue to decline and our national 
ability to conpete in the marketplace will be seriously brpaired. 
At the same time, lou ( 1988) points out an apparent disparity in the 
international distribution of research support that has favored the conduct of 
ocean enJineering research in foreign cotmtries over the United States. 
Historically, irrlustrial support for ocean enJineering education and 
research in this countJ:y [has] been mini.rral. Many factors have 
contributed to this lack of support, including: the strong in-house 
research capabilities of ma.jor oil companies, the millions of dollars 
spent by these companies on research at European universities and 
laboratories as part of their North Sea lease obligations, and the more 
advanced experimental research and testing perfomed in foreign 
countries due to the higher level of sophistication of their research 
facilities. Moreover, the level of industrial support at American 
universities is even further reduced by the depressed offshore industry. 
Declining advanced technology export market shares, a proportionally small 
civilian R&D effort, and reduced international competitiveness are serious issues 
for the U.S. economy as a whole. However, solutions to these problems come only 
through careful analysis of factors that influence individual industries and 
markets. 'Ibis study is a first attempt at the examination of the present and 
future competitiveness of U.S . finns in the marine electronic instrumentation 
field. In particular we consider problems and policies relevant to the 
establishment of a National Agenda designed to improve the competitive position of 
u.s. firms in this field. 
1. 3. An Industry I:'efinition. 
An important first step in any irrlustJ:y study is definition of the subject 
industJ:y and explicit determination of the boundaries (firms, markets) that 
delimit the activities to be examined. 'Ibis is always a nontrivial undertaking, 
and in any case depends a great deal on the analyst's judgment. It has proven to 
be particularly complicated for "marine electronic instrurnentation." The 
difficulty in discerning a single, well-delineated industJ:y producing marine 
electronic instrurnentation, in fact, may be an important reason for the absence of 
previous systematic irrlustJ:y studies of this field. Discussing marine 
observational tools (a subset of marine instrurnentation) , Rear Admiral J. R. 
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Wilson Jr. (1988), u.s. Chief of Naval Research, recently noted "the absence of a 
specific industry concerned with the entire ocean envirornnent. '' He stated that: 
(t]herefore, the observational tools are, in most instances, 
developed by the oceanographer asking the questions. 'Ihis is 
different from physics, electronics, chemistry, life sciences, etc., 
where there is a significant irrlustrial component that generally 
supplies the observational tools. 
For the purposes of our study, the basis for industry definition is 
derived from identification of the relevant products: marine electronic 
instrumentation. "Marine" is interpreted broadly to include all products 
designed and marketed specifically for use in or on the oceans, and can 
include aquatic uses such as in lakes and streams. "Electronics" refers to 
devices that utilize electrical currents (electrons) for the pw::p::>se of 
transmitting signals or infonnation (as distinguished from "electrical" 
equipment, which involves the use of electrical currents as a means of 
supplying power). Finally, "instrumentation" is interpreted as tools and 
other devices, including those used for observation, control, recording, 
regulating, and computing. 
On the basis of these definitions, it is possible to construct a fairly 
exhaustive product list of those items qualifying as "marine electronic 
instrumentation" (see Appendix A). From this product list, in turn, one can 
assemble a list of finns that supply these marine electronic instrumentation 
products (see Appendices B and C). At a rough level, this constitutes a 
definition of the industry or group of industries supplying marine electronic 
instrumentation. With a definition of this kind, some statistical infonnation 
on the "industry" can then be obtained by identifying the U.S. Bureau of 
Census Standard Industrial Classification (SIC) codes corresponding to the 
product list (see Figure 6).2 
An examination of the products and markets served by these finns has 
resulted in the delineation of four najor market categories, or end use 
sectors, which subdivide the marine electronic instrumentation industry group 
2 Any analysis based on Bureau of Census SIC data must take into 
consideration the selection and editing biases of the Bureau data collection 
process. Under current procedures, "many small establishments of multi-
establishment companies [are] excluded," and establishments with fewer than 
250 employees "are selected with a probability which is proportional to their 
size" (McQ.lckin and Pascx:>e, 1988). 
SIC Code 
360 1000 
366 0000 
366 2000 
366 2070 
366 2153 
366 2158 
366 2431 
366 2460 
366 2470 
366 2540 
366 2544 
366 2552 
366 2557 
366 2570 
366 2571 
366 2573 
366 2574 
366 2576 
366 2578 
366 2600 
366 2730 
366 2740 
367 9917 
381 1100 
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Products 
Electronics 
Communications Equipment 
Communications Equipment except Telecom. 
Marine Electronics 
Marine Mobile Radio 
Air-to-Submarine Communciations Equipment 
Air Navigation Equipment, LORAN 
Marine Navigation Equipment 
Underwater Navigation Equipment 
Radar Systems and Equipment 
Ship-Based Search and Detect Radar 
Airborne and Space Tracking Radar 
Airborne and Marine Instrument Radar 
Sonar Systems 
Sonobuoys 
Submarine Sonar 
Anti-Mine Sonar 
Oceanographic Sonar 
Sonar Checkout and support Equipment 
Signal Processing Equipment 
Electronic Geophysical Equipment 
Electronic oceanographic Equipment 
Acoustic Transducers 
Aeronautical and Nautical Instruments 
Figure 6: st.arnard Irdust:rial Cl.assificatiat (SIC) Codes Relevant to Marine 
Electronic Inst:ruroontatian Products. 
(and the marine industry in general). These are (1} the military, (2} 
offshore oil and gas, ( 3) recreational and commercial boating and shipping, 
and (4) scientific and oceanographic activities (including envirornnental 
monitoring). Although there is some overlap between these sectors, both in 
tenus of products and in tenus of companies, 
useful in describing this industrial field. 
in greater detail in Chapter 2. 
the distinctions have proven 
'Ihe end use sectors are discussed 
As marine instnnnents span end-use sectors and are employed 
internationally, so too they are used in related marine applications by 
several U.S. agencies (including the Navy, NOM, National Science Foundation 
[NSF], Coast Guard (USffi] , Anny Corps of Engineers (ACoE], Deparbnent of 
Energy (OOEJ, Erwirornnental Protection Agency (EPA]). Some initial steps 
toward understanding the extent to which goverrnnent agencies influence the 
performance of finns in this field are taken in Chapter 3 . 
1.4. Historical Review. 
1. 4 .1. Origins and Indust:ry Development. Identification of the first 
use of a marine electronic instnnnent is clouded in time and, in any event, is 
round to be somewhat arl:>itracy. Electrical lights were introduced on some 
11 
ships in the latter part of the nineteenth centw::y, arrl, to the extent these 
were used for signalling pw:p::>SeS, they might qualify as electronic 
instrumentation (Hezlet, 1975) . It is not clear, however, that these were 
specially designed for marine applications. Apparently Steadm::>re and Ge:nnan 
colleagues developed a resistance theri!lOll'eter for oceancgraphic applications, 
also late in the last centw::y, arrl this might be viewed as a primitive marine 
electronic instrument (Vine, 1988). 'Ihe first major intrcx:luction of clearly 
electronic instrumentation explicitly for marine use, however, appears to have 
been radio. 
Guglielmo Marconi publicly demonstrated wireless telegraphy in England in 
1896, and the company he established the following year to market the new 
technology was oriented primarily toward shipping finns and marine 
communications. In an effort to cultivate demand in the United States, 
Marconi used his wireless in 1899 to report on the America CUp Races from the 
yacht MACKAY-BENNErl' for 'Ihe New York Herald. Days later, the U.S. Navy made 
its first test of the technology on the ships MASSAClillSEITS and NEW YORK in 
New York Hartx::>r. Although the Navy was relatively slow to adopt radio, 
primarily because it embarked on an exterrled period of supplier con-petitions 
and because of internal organizational indifference, lx>th the CUnard and White 
Star Lines began placing the devices on their ships in 1900. In response to 
the TITANIC disaster in 1912, COngress enacted the Radio Act3 , which greatly 
increased the Navy role in radio communications (IX>uglas, 1985) . 
By intensifying demand for better hazard-warning devices, the TITANIC 
disaster also hastened development of two other fundamental marine electronic 
technologies, radar and sonar. In 1914, U.S. Navy wireless operators were 
able to demonstrate that radio could be used to locate enemy ships (IX>uglas, 
1985) . As early as 1904, the Ge:nnan engineer Orristian Hulsmeyer had obtained 
patents in several countries for a radio echo device to prevent ship 
collisions, but it was not until the 1930s that radar as we now know it began 
to emerge. 'Ihe French had devised an iceberg detector in the mid-1930s for 
the liner NORMANDIE, and the SUbmarine Signal Corrpany in the United States had 
disclosed a complete radio-based detection and ranging system by 1930. 'Ihe 
3 
'Ihe early "Radio arrl Co.nununications Acts" are fourrl at Ch. 379, 36 
Stat. 629 (24 June 1910) and Ch. 287, 37 Stat. 302 (13 August 1912). 
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British devised a practical micro;.mve system in 1940, and the U.S. Navy coined 
the term 1 radar 1 in 1942. Application arrl refinement of the tedmology took 
off during World War II, arrl several rranufacturers in England and America were 
marketing si:rrple c:anutereial systems for coastwise navigation immediately after 
the war. 
'!he developrrent of sonar followed a similar pattern. A 1889 report by 
the U.S. Lighthouse Board noted the promising studies of underwater bells arrl 
microphones by Professor Blake at Kansas, but no action followed. In 1901 the 
SUbmarine Signal Company was established to promote underwater bells as hazard 
signals, and by 1912 hundreds of transatlantic ships were equipped with 
receivers for a worldwide network of bells (Fay, 1963). In England, L.F. 
Richardson filed a patent for airborne echo ranging five days after the 
TITANIC sinking, and a month later he applied for a patent on its underwater 
analog (Urick, 1983) . '!he TITANIC tragedy also convinced R.A. Fessenden at 
the SUbmarine Signal Company that his oscillator echo sounder could be used 
for detection and ranging. '!his was proved in a 1914 test on the coast Guard 
cutter MIAMI, detecting an iceberg at 2 miles and establishing the ability to 
generate and read echoes from objects in the water and from the bottom (Fay, 
1963) . The French physicist Paul Langevin used a vacutnn-tube amplifier in an 
experimental sonar system in 1917 and so is credited with the first 
application of modern electronics in underwater sound equipment (Urick, 1983) . 
Meanwhile, the SUbmarine Signal Company had been joined by GE and Western 
Electric to develop antisubmarine warfare sonar applications for coastal 
defense, but practical results were not obtained until after WWI. The first 
practical echo sounders were introduced in 1919 with the Hayes sonic depth 
finder. And widespread availability of the SUbmarine Signal COmpany 
Pathometer followed its first commercial installation on the BERKSHIRE in 
1924. Thermal distortions of sonar signals led Athelstan Spilhaus to develop 
the first bathythennograph in Woods Hole in 1937, just in time for useful 
deployment and refinement in World War II (Spilhaus, 1987). 
'!he history of the introduction of radio, radar, and sonar as marine 
electronic instruments is especially instructive for our purposes because it 
highlights several features of .importance in today 1s industrial dynamics: (1) 
the prevalence and vigor of international competition; (2) the limited 
usefulness of patent protection; ( 3) the rranner in which the tedmology may 
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span several i.nportant end use sectors; ( 4) the crucial i.nportance of the Navy 
as a dominant customer arrl influence on industry evolution; arrl (5) the 
effects of nationalistic interests in goverrnnental intervention. 
Although marine electronic instl:um=ntation in its broadest sense can be 
traceci back to the tun1 of the century, the m::x:lern era of marine electronic 
instl:um=ntation in the United States may be dated as beginning in the late 
1950s arrl early 1960s. Rapid developm:mts in electronics, coupled with a 
strong interest in the marine frontier arrl potential uses of the oceans for 
fcxxi, living space, arrl energy, helperl to bring forth a number of small firms 
of the "instrumentation shop" variety that specialized in oceanographic 
sensors arrl systems. At that time, the dominant customer and driving force 
behind marine electronic instl:um=ntation teclmology was the government (Figure 
7) , both in its military arrl in its civilian operations (PSAC, 1966) . 
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Figure 7: Federal SURx>rt for Marine ScieiDe am 'l'edlrv:>logy, 195o-67. 
Sarrce: PSAC (1966). 
Especially in its civilian research functions, the government was willing to 
buy "at least one of alnK::>St anything" in its effort to further the 
understarrling of the oceans. 'Ibis first heyday of marine electronic 
instrumentation firms culminated in the publication of the Stratton Report and 
the establishment of NOAA, illustrating well the ambitious marine objectives 
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of that decade. 
Following closely on the heels of the awakening public interest in the 
oceans, a boom in offshore energy activity occurred, starting earlier in the 
Gulf of Mexico and ITCVing quickly to the North Sea and elsewhere (Holcott and 
Purser, 1983) . Many of the finns that had gotten off the ground by selling to 
the governrnent and research institutes quickly switched their focus to the 
offshore oil and gas sector, and applied their technologies to the problems 
arrl demands of this new major customer. Yearerrl orders for tankers increased 
substantially during this pericx:i (Figure 8), as it became increasingly 
profitable to ITCVe large volumes of crude oil from producers to refineries. 
1.5 
1.4 
I 3 
I 2 0 
II 
0 
0.9 
0.8 0 
0.7 
06 0 
0.5 0 
0.4 0 
0 0 0 0 
0 
0 0 
0 .3 
0 .2 
0 
0 0 0 0 0 0 0 0 0 0 0 
0 . 1 
0 
60 64 68 72 76 80 84 88 
0 Actual l.Jneor Fit 
Figure 8: World Tanker Orders, 1961-88. Scuroe: Cl1anpless arrl Jenkins 
(1985). 
The governrnent business did not decline during this pericx:i, but continued to 
increase, at least until the late 1970s, when civilian gove:rnrnent-sponsored 
research began to tail-off (Figure 9). 
The offshore business was lucrative for marine electronic 
instnnnentation finns until the price of oil dropped precipitously in the 
early 1980s, and energy companies' budgets for marine exploration and 
development of electronic prcducts and services declined similarly (Figure 
10). 'Ihis time, the marine electronic instnnnentation business experienced a 
severe shakeout, the effects of which are continuing to be felt tcxiay. In a 
limited sense, the field is back to where it started in the 1960s, dependent 
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Figure 9: lDAA Expen:litlm:!s for Marine Scien:::e, 197o-86 (tcp), arrl NSF 
Expen:litures for Marine Scien:::e, 196o-88 (bottan). Salroe: CNJ 
(1986), Marine Scien:::e Affairs (1967-71), arrl Federal ocean 
Prcxj:ram (1972-75). 
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to a large extent upon goverrnnent-initiated research furrling and prc:x:;urernent 
budgets. Yet there :n<:M exist thirty years of experience, a history of 
technolCXJical development, and spinoffs from technolCXJical advances in other 
fields. All these have cl'lan;Jed the shape of the irrlustry and have affected 
its future potential. 
For some finns at least, a new major customer was fourrl in the military, 
as the U.S. Navy increased R&D (Figure 11) and began to look harder at proven 
civilian technolCXJies for their cl'lan;Jing needs, particularly in the field of 
antisubmarine warfare (ASW). Even with this growth, however, a forthcoming 
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Figure n: u.s. Navy RIJI'&E Expentib.Jres, 1961-88. Sairoe: am (1961-87). 
study by the Office of Business Analysis in the Corranerce Deparbnent expects 
that, based upon congressional budget estimates, there will be little or no 
future growth in the defense electronics field generally (NNUI', 19 Sept. 
1988) • Whether ASW electronics will follow the same projection is problematic 
at this point. Sales in the recreational boating sector have risen 
dramatically in the 1980s (Figure 12), however, stimulating to a significant 
extent sales of marine radios, navigational equipment, fishfinding sonars, and 
other commercial/recreational items. Finally, future growth is expected 
especially in the area of environmental monitoring and oceancx:Jraphic research, 
where increases in consumption of chemical analyzers, water quality 
instnnnents, computers, and ocean data collection buoys are anticipated 
(Woodsurn, 1988) . 
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Figure 12: U.S. Retail Boati.n} Expenditures, 1964-87. Sa.I1:"o3: lHiA (1987). 
1.4.2. The Stratton Commission Report. 'IWenty years ago, the Conunission 
on Marine Science, Engineering an:i Resources (CMSER or "Stratton Conunission") 
was in the process of pre:paring a cornprehensi ve review of the U.s. ocean 
industry and ocean policy. Published in 1969, the Conunission 1 s report ( CMSER, 
1969) included recorrnnendations that led, anong other things, to the 
establishment of the National Oceanic an:i Atm::>spheric Administration (NOAA) . 
In several instances, the report, and its accompanying panel reports 
(CMSER/PR, 1969}, address issues faced by the marine instnnnentation field. 
As its twentieth anniversary approaches, the Stratton Conunission1 s Report 
provides an interesting starting point for this study of the marine electronic 
instnnnentation industry. 
At the time of the Stratton Commission 1 s efforts, advances in marine 
technologies were driven largely by the Navy. '!he Conunission realized that 
extraordinary breakthroughs had been made by military research and that 
important technologies had been spunoff to benefit civilian applications in 
such areas as naval architecture and marine propulsion. The Conunission 
concluded, however, that other areas of civilian technology and fundamental 
(non-mission oriented) technology had not received enough attention. 
The Commission noted that remote sensing platfonns and instnnnents, 
including expendable free-fall and self-propelled/remotely-guided 
instnnnents, provided inexpensive techniques for exploring the oceans. As of 
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1968, hCMever, it fourrl that progress in oc:ean<:xJraphic sensors had been 
largely a pioneer effort and had not yet eliminated a "high failure rate." 
'Ihe Commission called on NOAA to "take the lead in fostering a wide variety of 
instrumentation development programs required for ocean exploration" (CMSER, 
1969, pp. 180-181). 
'Ihe Commission • s Panel on Industry and Private Investment found that 
"much of the National investment in ocean programs nCM and in the foreseeable 
future will be devoted to neasuring the characteristics of the marine 
envirornnent" and that reliable, accurate instruments were necessary for this 
objective. 'Ihis Panel expressed concern about the performance characteristics 
of marine instruments: 
Most ocean programs have been limited in both staff and budget. As a 
result, specific program objectives are often compromised and only 
limited instrumentation is procured. Unlike conditions in many other 
non-oceanographic programs, such as the space program, ocean instnnnent 
specifications are often minimized, meaningful quality assurance programs 
are largely nonexistent, and service and maintenance manuals and other 
documentation are often inadequate to meet basic user needs .... 
Past experience shows that user demand for a particular type of ocean 
instnnnent is generally for a limited quantity of highly complex 
instnnnents, often requiring custom design. In such cases, manufacturing 
does not lend itself to mass production, one factor that has allCMed the 
sma.ll, technically oriented finn to compete favorably with large 
corporations. Although large capital facilities are not always essential 
to produce marine instnnnents, expensive facilities are often necessary 
for development and qualification testing (enphasis in the original) 
(CMSER/PR, 1969, pp. V-46-47). 
'Ihe Panel suggested that the federal goverrnnent change its procurement policy for 
oceanographic instnnnents, so as to pay less attention to initial costs, and place 
greater emphasis on total costs associated with of the collection, processing and 
use of data. The Panel report states that: 
[u]nder present conditions, instrument manufacturers frequently do not 
have adequate incentive to develop equipment or systems that will be more 
cost-effective to the user. 'Ihis need not be, since industry can produce 
reliable equipment at costs commensurate with high quality. Until 
procurement policies are changed, many instnnnents of inherently poor 
quality will continue to be procured on a lCM-bid basis (CMSER/PR, 1969, 
pp. V-47-48). 
The Panel recormnended that these changes be initiated as soon as possible by the 
Navy but that the testing and standardization function should ultimately be taken 
on by a civilian marine agency. 
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International competition in marine instrumentation was not a major concen1 
of the Commission. Its Panel on Marine Engineerin;J arrl Technology touched briefly 
on the subject in its discussion of the interrelationships among economic sectors 
in the marine field: 
u.s. ~ t:ec:.tm:>logy develqmmts shalld CXlllSider both international 
carpetiticn and c:xx:peraticn. Where consistent with the national 
interest, programs should encourage increased cooperation and data 
exchange among ocean scientists arrl en;Jineers of all nations. 'nle U.s. 
shalld CXlllSider adv'arDed marine tec::tnnlogy as a pri:roo export product arrl 
as a foreign aid tool to assist developin;J cotmtries to strengthen their 
capabilities for usin;J the ocean arrl its resources as a means to 
economic progress (enphasis added) (CMSER/PR, 1969, pp. VI-20). 
Although the Commission did not tmdertake a systematic industry study of the 
marine instrumentation sector, it did note some of the relevant features of the 
associated products arrl finns. Several of the Connnission 1 s observations continue 
to hold true today. For ex.anple, the presence of large aerospace finns in the 
marine sector has increased arrl the role of small, specialized companies in the 
development and manufacture of instnnnentation has continued to be inportant. 
Since the Stratton Report was published, hOW'ever, other aspects of the industry 
clearly have changed. Both the inportance of the offshore oil and gas sector 
during the 1970s and stronger international competition in the marine electronic 
instrumentation field as a whole have helped to iinprove the quality of marine 
instrumentation at horre arrl abroad. 
other national studies (Figure 13) have made similar observations, but none 
has examined or even atterrpted to characterize the supplyin;J industry. The 
majority of federal government studies have expressed concem primarily about the 
capabilities arrl quality of instnnnents for basic research purposes. For ex.anple, 
in 1981, the congressional Office of Technology Assessment (CYI'A) analyzed 
technologies for government-sponsored oceanography. One of orA 1 s most interesting 
findings was that high quality instnnnentation was available when its development 
and use had been supported over long periods of time (orA, 1981). Another CYI'A 
report, concerned primarily with the exploration of marine minerals, devoted 
extensive attention to the description of several kinds of marine electronic 
instrumentation technologies but drew no conclusions about the industry that 
supplies them (CYI'A, 1987) . 
YEAR 
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1972 
1972 
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1987 
ORGANIZATION 
NAS/NRC: 
Comm. on Oceanography 
President's Science 
Advisory Committee: 
Panel on Oceanography 
NAS/NRC: 
Comm. on Oceanography 
American Society for 
Oceanog~apy, Pacific 
Western Division/Dean 
Witter & Co. 
Commission on Marine 
Science, Engineering, 
and Resources 
NAE: Marine Board 
NAS: 
Comm. on Oceanography 
CRS/Robert Nathan Assoc. 
Dept . of Commerce 
NRC: Ocean Science Board 
OTA 
NAS: Joint Committee of 
Polar Research Board and 
Ocean Science Board 
OTA 
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STUDY 
Oceanography: 
1960 to 1970 
Effective Use of the Sea 
Oceanography 1966 
The Ocean and the 
Investor 
Our Nation and the Sea 
Toward Fulfillment of a 
National Ocean Commitment 
International Marine 
Science Affairs 
The Economic Value of 
Ocean Resources to the 
United States 
U.S. Ocean Policy in the 
1970's: Status and Issues 
The Continuing Quest 
Technology and 
Oceanography 
An Evaluation of 
Antarctic Marine 
Ecosystem Research 
Marine Minerals: 
Exploring Our New Ocean 
Frontier 
Figure 13: Major stuties of Ma.rire ScieiDe arrl 'l'echrX>logy. 
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1. 5 . International Nature of the Marine Electronic Instnnnentation Markets 
Competition and trade in the marine electronic instnnnentation business is 
largely international in nature. '!his is due in part to the global similarities 
of the marine environment and in part to the high technology quality of the 
products. In the most relevant ways, the marine environment is the same the world 
over (especially beneath the surface), so that an instnnnent developed for use in 
one location may be equally useful on the other side of the globe. '!he offshore 
oil and gas and the ocean shipping i.rrlustries are truly international users of 
marine electronic instnnnentation, literally carrying and utilizing the same 
equipment all over the world. Like other high technology products, furthennore, 
marine electronic instnnnentation is used throughout the world but manufactured 
only in certain nation.S. A high ratio of product value to transportation costs 
further contributes to the international character of trade in marine electronic 
instrumentation. 'Ibis international market seems to apply to all four end-use 
sectors identified above; and international competition in this field appears to 
be on the increase, particularly in the military sector. 
'!he sea presents the same challenges to all who use or study it; and because 
the community directly engaged in such use or study is snall relative to other 
occupations, it generates a fairly concentrated, homogeneous set of attribute 
demands for marine instnnnentation products that do not vary a great deal from one 
country to the next. Companies producing marine electronic instrumentation are 
found throughout the developed nations of the world. Because their products are 
sought by nonproducing nations as well (for example, by virtue of the 
jurisdictional rearrangements established by the United Nations Convention on the 
raw of the Sea and domestic laws) , international trade in these products is a 
natural consequence. 
1.6. Size of the Marine Electronic Instnnnentation Sector Within the 
Marine Industry. 
'Ihe world marine industry, broadly defined, presently contributes on an 
annual basis about $400 billion to world production. 'Ihis includes military, 
shipping, boating, fishing, mineral resource, and scientific sectors and uses. 
The u.s. share of this world market is on the order of $130 to 140 billion. By 
far the greatest part of this, especially in the United States, is accounted for 
by the military uses of the oceans. Figure 14 depicts the world and U. S . markets, 
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divided into the four najor errl use sectors. 'Ihe U.S. "military" figure of $100 
billion reflects the approximate size of current armual Navy budgets; the 
Sc:lendlk: 
S3 blllon 
World Merlne Merkel Sector• 
Sclenllne 
S1 tlll~ 
U.S. Merlna Merkel Sector• 
Figure 14: Size of World am U.S. Marine Market Sectors. Sa.lroe: see text. 
corresponding world figure of $300 billion is an approximation based on the 
relative sizes of U.S. arrl world naval forces. 'Ihe "offshore" figures for the 
United States arrl the world represent armual narine oil arrl gas revenues. U.S. 
"recreational arrl cormnercial" experrli.tures are based on data from the National 
Marine Manufacturers Association arrl estimates of commercial shipbuilding 
activity; the world figure is an approximation based on the U.S. expenditures. 
Finally, the U.S. "scientific" figure is based on NOM's armual budget; the world 
figure is, again, an approximation based on U.S. scientific budgets. 
out of the total U.s. narine narket, electronic instrumentation appears to 
account for between 2 to 4 percent, or roughly $2 to 5 billion. The lower value 
is based on an analysis of experrli.tures on narine electronic instrumentation by 
the four end-use sectors within the U.S. (Figure 15). 'Ihe higher value has been 
derived from a tabulation of U.S. production (shipments) of narine electronic 
instrumentation (from U.S. Census Bureau [OOC] SIC data) arrl a preliminary 
analysis of import/export figures (U.S. International Trade Conunission [ITC] data) 
(see discussion below). No similar analyses have as yet been perfonned for the 
world narkets. Extrapolation from u.s. data suggest, however, that an upper bound 
for the size of the world narine electronic instrumentation narket might be on the 
order of $10 billion. 
'Ihe U.S. narket sector size estimations in Figure 15 are based on 
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prcx::urernent budgets, or estimates thereof. 'Ihe $2 billion "military" estimate is 
derived from actual Navy budgets, as shown in Figure 32 in Section 3 below. 'Ihe 
ld~lc 
1100 ,...on 
Figure 15: Size of u.s. Marine Elect:nnic Inst:rument:atiCB1 Market Sectors. 
Source: see text. 
"offshore" estimate is based on reported U.S. marine geophysical shipments (SIC 
tabulations) of about $160 million, am world offshore oceanographic 
expenditures($10 million) arrl geophysical expenditures ($500 million). It should 
be noted that these estimates are made for a :period of relatively low oil prices 
am, consequently, relatively little offshore exploration activity. 'Ihe potential 
contribution of the offshore sector is much greater, as irrlicated by historical 
data from the last major oil boom. 'Ihe "recreational am commercial" estimate of 
$0.5 billion has been calculated based upon discussions with irrlustry 
representatives, and the "scientific" estimate figure is an approximation based 
upon NOM budgets. Taken together, the "dernarrl side" estimates in Figure 15 
irrlicate a U.S. marine electronic instrurrentation market of approximately $3 
billion. As we discuss below, this may urrlerstate the true national market size. 
Figure 16 shows an estimate of the corresponding "supply side." Here, we 
list and sum the estimated U.S. shipments of marine electronic instrumentation, 
based on raw SIC data shown (along with some historical time-series) in Figure 17. 
Before comparing the "shipments" total (a measure of U.S. production) to the U.S. 
market (consumption), net exports must be subtracted from the fonner. Figure 18 
shows some of the U.S. trade balance infonnation for marine electronic 
instrumentation. Although i.nc:orrplete, these ilnportjexport data seem to irrlicate a 
balance, implying negligible net exports. 'Ihus, the "supply side" total from 
Figures 16 and 18 appears to exceed substantially the "demand side" total of 
Figure 15. 
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'Ihis discrepancy may be due to several factors. 'Ihe procurement estimates 
used for Figure 15 are probably lav, especially in the military 
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Figure 16: 1985 U.S. Shipient:s (Prcxiucticm) of Marine Electronic 
Inst:rumentaticn. Estimates adapted fran B.lreau of the Census 
(ADJ. 1986). 
catego:ry: purchases under classified programs may not be included in the published 
procurement budget categories. Also, the shipnents in Figure 16 may be slightly 
inflated in an absolute sense (as a result of estimation procedures, see 
parenthetical notes in Figure 16), am may be high relative to the numbers in 
Figure 15 because 11Sllp!X>rt equipnent" is included in the SIC data. Finally, the 
net exports detennination from Figure 18 is probably understated, because rrc 
reports only the import am export of those products on which tariffs are levied, 
which may not include significant amounts of govennnent sales of military 
equipment to foreign nations. It is likely, therefore, that the true U.S. market 
size of the marine electronic instnnnentation sectors lies somewhere between the 
values suggested by these two analyses. 
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Producta 
Radar Apparatus designed for Boat or Ship Installation 
Radio Navigation. Aid Apparatus except Radar. reception only 
Radio Navigation. Aid Apparatus except Radar, other 
Marine VHF Radio Transceiven; 
Depth-Sounding Apparatus• 
Other Navigational Apparatus. Electrical/Electronic* 
Meteorological and Hydrological lnstr., Electrical/Electronic* 
Geophysical Instruments, Electrical/Electronic* 
• values are for 1986 (not t 987) 
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U.S. lmporu 
Import I '87, Smm 
685 .&021 
685.604t 
685.&05 
685 .2441 
29.9 
t 7.4 
26 
26.5 
' ' 
U.S. Exporta 
Export II '87, Smm 
685 .6021 
685.6045 
685.6052 
not listed 
7 t0 .1 02 
7 t0 . 1 05 
7 t0 . 182 
710 .282 
36 .6 
12. 3 
25.7 
68.4 
3&3 
25.3 
295 
Figure 18: Selected Iilp:>rtfExport rata at~ Electronic Instnnnentatiat, 
1987. Sairce: u.s. rrc, cust:cm cx:up.It.er reports. 
Figure 19 shoos the relationship between the three elements of the industry 
definition discussed above, as well as their relative sizes. 
,..,In• 
Eleclro n lc 
"EI•clronin" 
$ 400·500 b illion 
Figure 19: A GJ:aPrlc Definitiat of ~ Electronic Instnnnentatiat, shawi.nJ 
the awraximate world :market size for each of the three sectors. 
Salrce: see text. 
Worldwide inst.ruroonts production is on the order of $250 billion annually, based 
on SIC code 38 reports of U. S. instruments shipments of $61 billion in 1986. 
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World electronics production now lies somewhere between $400 and 500 billion per 
year, and the world marine market, as mentioned previously, is on the order of 
$400 billion. The overlapping areas irrlicate the intersections between these 
markets: electronic instnnnents, marine electronics, "manual" marine instnnnents, 
and, in the center, marine electronic instnnnentation. 
Under the definition adopted for this report, it appears that "marine 
electronics" and "marine electronic instrurrentation" are almost synonymous; it is 
difficult to identify "marine electronics" that cannot also be qualified as 
"instnnnentation," whereas it is relatively easy to find exanples of 
nonelectronic marine instnnnents. For many market participants, however, the tenn 
"marine electronics" refers to a more restricted line of products (generally 
including electronic sUpport equipment for navigation and communication) primarily 
consumed by the cormnercial and recreational end-use sector, so we adhere to the 
more cumbersome and broader tenninology of marine electronic instnnnentation. 
1. 7. Methodology and Scope of this Study. 
The purpose of this study has been to generate a broad description of the 
industrial field of marine electronic instnnnentation. To this end, we reviewed 
the relevant literature (including marine trade and scientific journals and works 
on international trade and COI'I'petitiveness) and conducted a number of interviews 
and discussions with industry and government representatives. These contacts 
included site visits to marine electronics firms on the west and east coasts of 
the United States, discussions with international industry representatives at the 
Oceanology 88 Conference in Brighton, England, and interviews with U.S. Commerce 
Department and Navy Department officials, as well as the meetings of the Marine 
Instrumentation Panel at Woods Hole. 
The goal of this approach is to produce a fairly comprehensive, qualitative 
overview of industrial organization in this field and to identify those features 
that merit more detailed examination. 
The remairrler of the report consists of three chapters, followed by a set of 
appendices. Chapter 2 presents a structural overview of the U.s. marine 
electronic instnnnentation "industry," focusing on broad descriptions of the 
firms that populate the broadly defined industry groups in MEL It describes 
product and end-use sectors, the "spawning ground" phenomenon in locations near 
national research centers, and the nature of firms predominantly active in each 
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prcxiuct market. Chapter 3 focuses on the institutional parameters affecting 
competition in the international marine electronic instnnnentation business, 
describing the c::o!l'pOnents of U.S. domestic "irrlustrial }X>licy" (especially those 
that influence R&D in the high technology marine electronic instnnnentation field) 
arrl the conditions of international trade (including export controls arrl nontariff 
barriers to trade). Among the IOC>St i.nportant factors affecting high technology 
industries are the characteristics of the pathways by which technology is 
transferred from its source arrl the extent to which governments accelerate or slow 
this flow of technology in the interest of "competitiveness" (Guile and Brooks, 
1987) . Accordingly, Chapter 3 presents a preliminary discussion of the pathways 
by which MEI technology is transferred arrong irrlustrial sectors and nations. 
Chapter 4 briefly presents the principal conclusions of this study. The appendices 
list the prcxiucts, U.S. companies, and foreign corrpanies used in the analysis, as 
well as categories of items subject to U.S. export controls, acknowledgements, and 
references. 
2 . A structural overview of the u.s. Marine Elect:raric Inst::nlnYimtation 
"Irrlustryf' 
2.1 . Industrial organizati on Analysis. 
Before we present our findings on the structure of the U.s . narine electronic 
instrumentation "industry," it is useful to review briefly the basic concepts of 
the structural analysis of industries in general, and point out some of the 
difficulties and caveats associated with the application of such an analysis to 
marine electronic instrumentation. 
2. 1.1. Intrcxluction and Basic ConceptS. Traditionally, industrial 
organization economists have employed a "structure-corrluct-perfo:nnance" framework 
to analyze the way an industry is organized and how its organization is likely to 
affect competition among its members and its ultimate efficiency and service to 
customers. 'Ihe motivating idea for this approach is that structure--consisting of 
the number and size distribution of prcxlucers and customers, the extent of product 
differentiati on, conditions of entry, and the degree of vertical and conglomerate 
integration--shapes industry conduct, which, in turn, detennines the industry's 
perfo:nnance. Conduct refers to the behavior of finns in the industry in such 
areas as pricing, overt or tacit cooperation among producers, capacity fonnation , 
product and teclmology selection, research and development (R&D) conunitrnents and 
direction, legal and regulatory tactics, etc. '!he principal elements in an 
industry's perfo:nnance are the extent to which price reflects the cost of 
production (and particularly the last unit that consumers are willing to buy "at 
cost") and the degree to which the industry is teclmically progressive in 
developing and implementing more efficient modes of production. 
'Ihe expected influence of industry structure on conduct and perfo:nnance is 
fairly straightforward and well-understcxxl in the limiting cases of monopoly and 
pure competition in mature industries. But in the more often encounte red small-
numbers case or one of its variants, the theoretical expectations become more 
muddled and likely behavior more CCJitPlex. '!he situation is CCJitPlicated further 
when the industry is newly-emergent or in a dynamic state of development and when 
national gove:rrnnents intervene in pursuit of extra-commercial goals. 
Problems encountered in attempting a conventional static structural approach 
to such COit'plicated cases have led to increased emphasis on the dynamics of 
industry behavior and the evolution of industry structure over time. In this more 
recent work, finns engage in strategic behavior that is explicitly intended t o 
anticipate and/ or influence the behavior of other finns . Industries are often 
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treated as corrposed clusters of finns or "strategic groups," occupying similar 
niches in the industry or ergaged in similar competitive strategies. Thus, the 
somewhat static view of industrial organization afforded by conventional studies 
of industry structure has been enriched by the erergence of a new theoretical and 
analytical literature addressing exactly such questions as: 
• what factors detennine the emergence of new industries and shape the 
evolution of their structures 
• what are the contexts in which strategic motivations and behavior 
are most likely 
• heM strategic motivations and behavior can affect the competitive play 
in a market and dynamic characteristics of the market's perfonnance 
• what are the· effects of various fonns of goverrnnental involvement on 
competition over time and on the development of industry structure 
• and what are the factors detennining the intensity and distribution 
of research and development {R&D) effort and subsequent 
innovation. 
2 .1. 2 . Applications to Marine Electronic Instnnnentation. The marine 
electronic instnnnentation industry lacks clear boundaries and does not lend 
itself easily to distinct identification and definition. Strictly speaking, the 
field of marine electronic instnnnentation manufacturing is best viewed as a group 
of related and overlapping industries rather than as a distinct industry defined 
by a high cross-price elasticity of demand for its members' various outputs. 
Because of a conunon operating erwirornnent, shared technical problems, mutual entry 
capabilities, overlapping customer pools, and professional linkages, however, it 
makes sense for our purposes to treat these industry groups as a loosely-defined 
single industry. 
Much of the data we have gathered on these finus are prel:iminary or 
approximate. Existing sources of data, such as those collected and published by 
the Bureau of Census and the International Trade Cormnission, are of limited use 
because, in most cases, they are not organized to generate data specifically on 
marine electronic instnnnents. 'Ihe lack of previous systematic studies of marine 
electronics finns probably is due at least in part to the lack of a cohesive, 
well-defined "industry" that encorrpasses all marine electronics . For whatever 
reasons, it has become clear that our study is the first concentrated effort at a 
comprehensive economic analysis of this field. 
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2. 2. OVerview: Finns Serving the Marine Electronic Instrumentation Markets. 
As discussed in Olapter 1, the market for marine electronic instrumentation 
can be divided for heuristic purposes into four errl-use sectors: (1) the 
milital:y, (2) offshore oil arrl gas, (3) recreational arrl conunercial shipping arrl 
boating, arrl (4) scientific arrl oceanographic activities (including "environmental 
monitoring"). To some extent, marine electronic instrumentation finns can be 
distinguished or grouped by the errl-use sectors that they serve. As we will shCM 
beloo, these fi:nns can further be distinguished by the product types they produce 
for or within their errl-use sectors. By examining the companies' activities in 
both dimensions simultaneously, we are able to distinguish several rather distinct 
groups of firms serving the marine electronic instrumentation markets. 'Ihe 
discussion in the follawing sections is organized by these groups of finns. 
2. 2 .1. The Product and End-use Sectors. 'Ihe various products which marine 
electronic instrumentation fi:nns produce can be grouped into five major 
categories: (1) sensors, (2) data management products, (3) "support" products, 
(4) services, and (5) large milital:y systems. "Sensors" are the tools which work 
in and arourxi the marine environment to extend the human senses and generate 
observations arrl raw data. "Data management products" include items that 
transmit, store, and manipulate the data generated by the sensors. "SUpport 
products" are navigational and carrnm.u1ication tools that are not so much an errl in 
themselves, but are used in support of other marine activities, such as carrying 
cargo from one place to another, or maneuvering an ROV toward an oil pipeline. 
"Services" encompass the activities of finns that do not necessarily generate 
physical products, but instead help in the design or evaluation of products, or 
use such products to conduct marine surveys, to precisely position an offshore 
platfonn, etc. "large milital:y systems" merit a category of their awn; although 
they usually consist of sensors, data processing, andjor support components, they 
differ from other marine electronic instrumentation in their size, scope, and 
mission, as well as in the nature of the fi:nns that produce them. (See Apperrlix A 
for a listing of marine electronic inst.rurnentation products urxier each of these 
categories. ) 
Many of the products comprising marine electronic instnnnentation are used in 
two or more of the four errl-use sectors. 'Ibis situation is illustrated by Figure 
20, which depicts the four errl-use sectors (while not exactly to scale, the 
circles do illustrate the relative sizes of the errl-use sectors) and gives a 
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qualitative idea of their overlawi.rg product coverage. For instance, sinple 
Figure 20: OVerJ.awinj Errl-Use Sectors in Marine Electrcnic Inst.runert:ation. 
acoustic transducers are likely to be fourrl at the intersection of all four 
circles, since they are part of many marine instnnnents. Specialized marine-
geophysical instnnnents might be fourrl in the intersection of the Scientific and 
Offshore Oil and Gas sectors, while fish.finders would probably exist only within 
the ConunercialjRecreational field. Taken irrlividually, the end-use sectors and 
the product types do not point to any clear-cut or coiWenient break-down of the 
finns servi.rg the marine electronic instnnnentation markets. 
2.2.1.1. Major Groups of Finns. '!he inter-meshing of end-uses and product 
types is better resolved by the illustration in Figure 21. In this figure, the 
end-use sectors and product types (minus ''military systems") form a grid. Any 
finn serving the marine electronic instnnnentation markets can be characterized by 
its coverage of certain parts of this grid, depending on its line of products and 
its range of customers. 
We have fourrl that the great majority of finns active in marine electronic 
instnnnentation fall into one of four kinds, as indicated in Figure 21. One group 
of finns are those that traditionally consider themselves to be in the 
"oceanographic," "eiWirornnental monitoring," or "offshore energy" business. 'lhese 
are characterized in Figure 21 as "shops" because of their characteristic "garage 
shop" origins and their relatively small typical size. A second group are large 
military systems contractors; these are frequently divisions of even larger, 
diversified conpanies, and focus narrowly on military andjor large energy-related 
systems. A third group are those traditionally referred to as "marine 
electronics" finns: conpanies serving the conunercial and recreational markets 
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Figure 21: 'Dle Fair Marine Elect:rarlc Instrumentatiat Irrlustry SUbgroops. 
'Dle "Milital:y," "Marine Elecb:adcs," "Instrumentation, 11 arrl 
"Service" sul:xjr<::Alp; are shews as gecmeb: ic blocks, i.rrlicat:in:J by 
their shape arrl extent the cari>inatian of products marrufactured 
arrl errl-use sectors served. 
for marine navigation ani communications products. Finally, there are the service 
firms, shown in Figure 21 as three semi-distinct sub-groups: those specializing 
in military consulting ani R&D, those focused on the offshore oil and gas 
business, ani those specializing in academic research. Each of these groups is 
discussed in more detail in the sections that follCM. 
Sane general remarks can be made about the "industry" as a whole. With some 
variations by the sectors served, the marine electronic inst.nnnentation industry 
is generally very corrpetitive both in its structure ani its behavior. Among the 
broad array of product lines represented, firms do tend to seek out 
differentiated niches or specialties, but there are only modest barriers to 
mobility across product lines. A relatively few firms dominate supply of large-
scale systems development for military applications, but sales to most end use 
sectors are fairly broadly-distributed across a number of small and medium-sized 
firms. Minimum efficient scale of operations in the industry appears to be lCM 
(though there may be unrealized economies of scale in both R&D and manufacture) 
and barriers to entry ani exit are, for m::>St product lines, de minimis. Most 
firms in the industry offer a range of products and tend to be vertically-
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integrated from R&D through manufacturing arrl sales; over-the-counter retail 
sales are inportant only in the recreational arrl commercial shipping and boating 
sector arrl are handled there by an irrleperrlent retail sales industry. Indeperrlent 
sales representatives provide inportant marketing services for most firms, 
especially in foreign sales. Demand for the .in:lustry's output is relatively thin, 
in the sense that only a fe-N items are mass-produced, and suppliers tend to deal 
with a relatively stable set of end users Who eXhibit fluctuating levels of 
product demand. 
2. 2. 2 . 'Ihe Oceanoqraphic/Envirornnental Instnnnentation ShopS. 'Ihe 
oceanographicjenvirornnental instnnnentation shops are the archetypical 
oceanographic instnnnentation companies, often beginning as two- and three-man 
operations out of some6ne•s garage, and apparently "maturing" (on average) at an 
annual sales volume below $10 million (their beginnings and lifecycles are 
described further below). 'Ihese firms serve most significantly the 
scientific/academic conununities (research institutions, envirornnental monitoring, 
etc.) arrl the offshore energy exploration business. (A market study perfonned by 
the Florida State University as part of the marine electronic instnnnentation 
project (Woodst.nn, 1988) irrlicates that marine pollution monitoring is by itself a 
significant end-use sector) . 'Iheir expertise is in the design and construction of 
sensors (hydrographic, biological, geophysical, etc. ) Which they often combine 
with data transmission and storage devices to assemble co:rrplete "data acquisition" 
systems. An increasingly inportant element of this business is the development of 
data analysis software, Which is usually run on standard (occasionally 
"ruggedized") PCs or minicomputers. 
Finns in this category may sell predominantly to one or more of the end-use 
sectors. As indicated in Figure 21, their major business is in the offshore and 
scientific fields, with less significant sales volumes in the military and 
commercial/recreational sectors. 'Ihe element that "ties them across" the 
different end-use sectors is sensor technology --perhaps the central and primary 
element of oceanographicjenvirornnental monitoring instnnnentation. Few shops 
produce only the sensors (this is more frequently done by divisions of larger 
manufacturing firms, Which make sensors or parts thereof); most combine them with 
some data management scheme, and a fe-N extend their line of products into the 
"support" area with (usually acoustic) tracking and positioning systems, or 
electronic charting systems. On the other hand, a fe-N firms specialize in the 
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data processing aspects of oceanographic systems, arrl do not produce any sensors. 
'Ihis is also usually done by larger, infonnation-systerns finrs for which the 
marine applications are only one of many lines of business. 
'Ihe recent sales of ROVs, arrl the associated tracking/positioning 
technologies, to both the military arrl the c:::arrurercial fishing sectors illustrates 
the adaptability of these finrs in following changing market conditions. For 
further discussion of the inter-sectoral transfer of tec.hnology in ROVs, see 
Chapter 3. 
u.s. finrs in this group obtain substantial shares of their revenues from 
foreign sales (on the order of 50 percent). Irrlependent sales representatives 
play a significant role within the U.S., arrl an even more significant role 
overseas. A strict, tacit respect for each others' market areas am client 
relationships exists among the relatively small number of U.S. reps in this 
business. The North American market can be divided into seven distinct sales 
areas, listed here with the approxi.rno.te number of reps in each area: california 
arrl Hawaii ( 5 reps) , Pacific Northwest ( 3) , Gulf of Mexico ( 6) , Washington OC ( 3) , 
New York (1) I New Englarrl (3 to 4)' arrl eastern canada (1). Foreign 
representatives tern to be more numerous arrl are usually specific to the country 
in which they do business. 
Trade associations play a role mostly in the dissemination of technical 
infonnation. 'Ihe Marine Technology Society (MI'S) is the predominant U.S. trade 
association for this line of business; many engineers within these firms are also 
members of IEEE. 'Ihe Society for Urrlenvater Technology (SUI'), based in Englarrl, 
is the European counterpart to MIS, with a more interrla.tional scope. 
'Ihe industrial organization of the oceanographicjenvirornnental 
instrumentation group may be sununarize.:i qualitatively using the structure-corrluct-
performance convention. 'Ihe product market consists largely of sensors, data 
storage/processing arrl tracking arrl positioning instruments. Geographically, the 
market is international, with some national arrl even regional segmentation. On 
the demand side, the market is thin arrl consists almost entire! y of users who are 
professionals in scientific, envirornnental monitoring, offshore exploration, arrl 
military applications. Structurally, this group consists almost entirely of a 
moderate number of small finrs which specialize in various niches. This may be 
described as a competitive, or more aptly (because of niches) monopolistically 
competitive, structure. Entry is easy, there is only limited vertical integration 
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arrl very little conglc:m=rate integration. In terirs of corrluct, pricing is 
competitively constrained, there is extensive niche-seeking, :patents are rarely 
employed, joint ventures have been rare, arrl irrleperrlent sales representatives 
play an important role in marketing. CUstomers can expect this industJ:y structure 
arrl corrluct to keep price at competitive levels, but technological progressiveness 
in this group appears to be surprisingly IOOdest. 'Ihe last observation, hc:Mever, 
requires further study. 
2.2.2.1. Spawning Grounds arrl Lifecycles. In the United States an::i in 
several European countries, the inst.n.nw:ntation shops are geographically 
clustered arourrl academic institutions that are active in marine research. 
Figure 22 shc:MS a map of the United States with circles representing the m.rrnber 
arrl concentration of oCeanogra};hl.cjenvirornnental nonitoring finns. 'Ihe 
Figure 22: Gec:x}I'aPl.ic Di.st:rib.Iti.cn of Ma.ri.Ie Scientific Instn.mentation Firms 
in the U.s., shcMi.n:j the "spawn:irg grami" ~ near Boston, 
IJoust:al, San Diego, arrl Seattle. 
clustering effect arourxi major centers of marine research is clearly evident: 
large concentrations of finns are fouOO. in eastern Massachusetts (Woods Hole 
Oceanographic Institution, Boston-area universities), in the Houston area (Gulf of 
Mexico offshore, plus several universities active in offshore research), around 
the Scripps Institution of Oceanography in southern california, and around the 
University of Washington in the Seattle area. 'Ihese finns are conunonly founded by 
engineers working at such institutions (or at another "garage" shop), who detect 
the need for a non-available inst.n.nw:nt or find a new design or production 
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technique that sh~ econanic promise. Start-up costs typically are low, perhaps 
as little as $25,000. Research ani developnent work may be supported by research 
project furrling through the academic institution, an SBIR grant, or other sources. 
'!he proximity of an academic institution can also aid in initial marketing of the 
product ani in gaining its acx:::eptance by the wider user community. 
After one or two "original" products, these fi.nns will often begin to 
diversify into "starrlard" product lines already being manufactured by others, in 
an attempt to gain market share ani boost revenues. Because of the limited 
markets for oceanographic products, total growth potential is limited, and fi.nns 
tend to find niches in particular product lines on which they concentrate their 
efforts. Growth may also be limited by the managerial and marketing expertise of 
the founding engineers·. If one of these finns does become large and successful, 
it begins to attract attention and is generally sold tojbought by a larger 
electronics or defense finn, of which it then becomes a division or subsidia:ry 
(examples: Neil Brown, Sippican). 
2 • 2 • 3 • '!he Commercial "Marine Electronics" Finns. '!his sector is the only 
one in marine electronic instrt.nnentation that can claim same sort of "mass 
markets" and true high-volt.me production runs. Not surprisingly, it is also the 
only one in which Japanese competition appears to be a somewhat serious factor for 
u.s. finns. 
Recreational and irxlustrialjconunercial marine radios, radar systems, radio 
direction finders, loran rec:ei vers, GPS receivers, weather fax machines, depth 
sounders, speed indicators, and similar products represent a strong market, 
especially in the u.s. where total recreational boating expenditures continue to 
climb (see Figure 12). 'Ihe u.s. finns involved in this business are, as a rule, 
larger than the oceanographicjenvirornnental instrt.nnentation shops, selling in the 
tens of millions annually; occasionally, they are divisions or subsidiaries of 
electronics giants. In recent years, several large electronics finns attempted to 
enter this market with marine electronics divisions (examples include King, 
Motorola, Mars, and Texas Instrt.nnents) , but most of these attempts have been 
unsucx:::essful. 
'Ihe area where the products of these "support" oriented finns most closely 
resemble those of the oceanographic shops ( an::l where their sales may occasionally 
overlap) is in fishfinders and related, acoustic-based instruments. However, the 
differences in customers, marketing, packaging, and production voltnnes between the 
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consumer marine electronics sector arrl the scientific/offshore field is so large 
that no firms appear to "straddle" the bourrlary in any significant way. As in the 
oceanographicjenviro:nrrental inst.rtnnentation business, the most successful marine 
electronics fil:l'IS appear to specialize in particular niches of the market. 
Japan's Furuno arrl the United States' Raytheon are leaders in the 
recreational arrl cc:.mrrercial radar business; Raytheon supplies most of the larger 
vessel radars. Stei;hens En;Jineering Associates (now owned by Datarnarine) is a 
leader in side-bard radio, while Japan's Ic:x::M is a strong force in the VHF radio 
sector. loran navigation equiprent is supplied by both U.S. and Japanese firms. 
Digital depth arrl spee:i inst.rtnnentation is largely the province of u.s. 
manufacturers. Fish-fin:lers, a :rrore sophisticated variation on the depth 
sounder, represent a niaj or part of the U.S. market in marine electronics: inland 
bass-boat sales alone account for as much as one quarter to one third of the U.S. 
market in retail marine electronics. largely because of the preferences of these 
inland bass-boat customers, who are concentrated in the American heartland and in 
the South, Japanese finns have not been able to make any inroads into this 
lucrative market sector. Two well-positioned u .s. companies, I..owrance and 
Hurnminbird, completely dominate this niche. 
Marine electronics firms use in-house sales staff and independent reps, who 
deal with as many as 300 distributors nationwide. 'Ihese distributors in turn pass 
the products along to thousarrls of marine shops, boatyards, and waterfront 
marinas. Foreign sales are usually handled through appointed importers and 
distributors in the client nations. Foreign sales percentages are not as high 
here as they are in the oceanographic sectors, on the order of 10 percent; the 
principal customers are Europe, Australia/New Zealand, and South and Central 
America (including the caribbean nations) . 
'Ihe National Marine Electronics Association (NMEA) seiVes as a trade 
association for both manufacturers arrl dealers in this business, and is active in 
the gathering arrl dissemination of both technical and marketing infonnation. 
Here, we qualitatively summarize industrial organization in the marine 
electronics group. 'Ihe product market includes certain sensors, data 
storage/processing, arrl carnmunication,/navigation support instruments. 'Ihe market 
is international but dominated by sales in developed economies and strongly 
segmented by nationality in same product lines. 'Ihe demand side is a broad and. 
dispersed market based largely on over-the-counter retail sales. structurally, 
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there are a smaller number of SOll'eWhat larger finns offering mcx:lerately 
differentiated products. OVerall, this structure is purely competitive, though 
some finns do dornina.te certain product lines. Barriers to entry are low, there is 
lilnited vertical integration arrl a mcx:lerate degree of COnc:Jlamerate integration. 
Pricing corrluct appears to be competitive, :patenting strategy is rarely employed, 
there is distinct niche seeking, little effort at joint venturing in R&D and. 
manufacture, and. marketing is mainly through well-established retail networks. 
SUbject to some sporadic or local strategic retailing behavior, prices can be 
e:xpected to approximate costs, and. there appears to be mcx:lerate teclmological 
progress. 
2. 2. 4. The Large Military Contractors. As a rule, the producers of large 
military systems for the Navy are $100 million-plus divisions of multi-billion 
dollar high-teclmology defense contractors, which are often also involved in 
aerospace work. These divisions tend to deal exclusively with the military, and. 
the size and. complexity of their products makes it virtually bnpossible for 
smaller firms to enter into direct competition with them. Their significance for 
the small instrumentation shops lies in subcontracting, not in direct or indirect 
competition. 
Figure 23 shows the wide geographic distribution of u.s. military contractors 
in the marine electronic instrumentation (systems) business. Some clustering 
occurs in the Northeast and. in southern california; and. many of the names are 
familiar members of the general defense, aerospace, arrl electronics COimTII.ll1ities. 
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Figure 23: Major ~ense Ccntractors &g>lyirg Marine Electronic 
Inst.runeltatiCXl in the u.s. Adapted fran Rar.den (1987) • 
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Contracts for major systems are awarded by c::orrpetitive bidding procedures; 
this process is complicated by the relatively small number of capable military 
systems contractors that can be sustaine::l by defense business. Because the 
Department of Defense appears to be IOCWirg away from a policy of contracting parts 
of a large system to various finns, arrl instead is seeking sirgle pri.m= 
contractors to manage the entire project, with overall integration responsibility 
for a particular system, the "c::orrpetitors" in the defense market increasirgly are 
teaming-up to bid on large contracts. 'Ihe stakes in this game are gigantic; major 
system contracts come up in cycles of only ten to twenty years. Those finns that 
do not win a prime contract must therefore attempt to work as subcontractors to 
the winnirg teams (see: section 3 .1. 5. below) . '!his "teaming" is expected to 
becomeeven more significant in the future, and soon may extend past national 
boundaries. An ongoirg Cormnerce Department study is predicting little or no 
growth in the defense electronics field through the end of this decade, and an 
anticipated shakeout in the world military electronics business has industry 
representatives from many nations pursuing the idea of increased international 
"collaboration" (NNUI', 19 Sept. 1988) • 
One class of defense electronics that is expected to remain well-funded in 
the future is also the biggest class of sales in the marine electronic 
instrumentation field: anti-submarine warfare (ASW) systems, which make 
extensive use of marine electronic instrumentation, and integrated 
navigation/communication/battle management systems. Figure 24 shows graphically 
the trends in U.S. shipments of sonar equipment, a major component of ASW systems 
(the corresponding numerical data can be seen in Figure 17) . ASW funding in the 
U.S. is dominated by General Electric (about 50 percent) and IBM (about 25 
percent) I with Hughes, EOO, Magnavox, Sippican, Sparton, Bendix, and the canadian 
Commercial Division of Hennes Electronics makirg up most of the remainder. 'Ihese 
percentages only reflect prime contract awards, however, and consequently do not 
indicate accurately the final distribution of ASW work. Raytheon's SUbmarine 
Signal Division, for exarrple, is a major player in the U.S. ASW market, but does 
not appear in the funding breakdown because at this time, the Division does much 
of its work as a subcontractor to General Electric and IBM. 
ASW, and military marine electronic instrurnentation generally, is also an 
international business; some U.s. defense contractors export as much as 25 
percent of their products to foreign navies. England, France, and West Germany 
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are among the top international conq;>etitors in the ASW business; the leading 
players include 'Iharnson (France), Plessey arrl Ferranti (Englarrl), and Krupp 
(Gennany). Sales of military electronics instnnnentation to foreign customers 
often proceed urrler Foreign Military Sales (FMS) procedures (see: section 3.1.5. 
below). 
'Ihe i.rrlustrial organization of the large military contractor group thus is 
distinctly different from the previous two. Here the products are highly complex 
arrl sophisticated, typically unique, electronic systems purchased in huge lumps 
(requiring multi-year development arrl production time) on an intennittent and 
infrequent basis by a single (OOD) or small number (foreign navies) of dominant 
customers. Not surprisingly, the structure of this group is quite concentrated, 
with a small mnnber of giant organizations sharing the market as rivals, 
subcontractors, arrl sometbres partners. Structurally, this is an oligopoly. 'Ihe 
product is highly differentiated, typically customized. Barriers to entry are 
mcxierate to high, vertical integration is mcxierate, arrl conglomerate integration, 
while not always pure, is mcxierate to extensive. In terms of conduct, pricing is 
complex arrl expressed through complicated small-numbers bidding on large contract 
offerings. Patents do not play a major role in this group's conduct. Joint 
ventures of various kinds are relatively COillllK>n arrl increasing through teaming on 
contract bids. Price may be expected to include a premium over marginal cost. 
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Technological progress is quite rapid in product evolution but more rrcdest in 
process innovation. 
2 . 2 . 5. The Service Companies. The seJ:Vice COITpallies are of particular 
ilnportance in the offshore oil arrl gas business, where they provide hydrographic 
arrl marine-geophysical exploration seJ:Vices, arrl the highly accurate navigation 
arrl positioning required during the installation of offshore platfonns. Sales 
voltnnes reach tens arrl even hun::lreds of millions of dollars annually. These finns 
are frequently subsidiaries of major oil COITpallies, arrl generally operate all over 
the world. Considerable consolidation has taken place among these finns in the 
recent past, as a result of greatly decreased exploration activities. 
On the military side, seJ:Vice COITpallies are often known as "contract R&D 
shops, 11 arrl maintain ciose ties with defense contractors. "Academic" seJ:Vice 
finns include envirorunental consulting COITpallies arrl instrument or data 
acquisition system design consultants. 
2.2.6. OVerlaps and Interrelationships. While the four industry groups 
described above capture most of the marine electronic instrumentation market, 
there are undoubtedly same exceptions that do not fit into this classification 
scheme. Determination of the approximate extent of overlap between these groups, 
and further elaboration of the market interrelationships between them, require 
more investigation. 
2. 3. Key Aspects of the Marine Electronic Instrumentation "Industry". 
'lhree key elements that shape the nature of competition and 
competitive/comparative advantage in this field warrant separate attention. 
These areas are briefly described in the sections below, and motivate the more 
detailed discussion of institutional parameters that follows in Chapter 3. 
2. 3 .1. Importance of Government Invol vernent. One of the most ilnportant 
factors affecting the competitiveness of finns in the marine electronic 
instnnnentation field is the invol vernent of governments. An outstanding example 
is the development of the GIDRIA sidescan sonar system, which was funded by the 
U. K. Department of Trade arrl In:hlstry. Described as a 11worldbeater11 in part 
because no comparable technology was available from private finns (including those 
in the United States), GIDRIA has been leased by the u.s. Geological SUrvey to 
corxluct a comprehensive sw::vey of the u.s. Exclusive Economic Zone (Senior, 1987). 
Through their procurement ("buy-national") policies, variable interpretations of 
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inteJ:national export controls, different levels of enforcement of intellectual 
property rights, inport licensirg delays, an::l other actions, governments do, in 
fact, have a substantial influence aver inteJ:national trade and the flow of 
technology in marine electronic instruments. 'Ihis influence clearly has an effect 
on the competitive position of MEI finns in an inteJ:national marketplace, and we 
focus on such government policies in <llapter 3. 
An inportant area of government influence concerns investment in R&D. In 
the United States, a major portion of R&D support for MEI originates from the 
Navy. Private finns corrluct their own R&D as well, an::l a preliminary survey has 
indicated that this investment is corrparable to other high technology fi:rrns (Kite-
I'owell, 1988) . Some current issues for public policy concern include an apparent 
trend for shiftirg risks for defense-oriented in:le:perxient R&D from the government 
onto private defense contractors; determining the effectiveness of transfer of 
technology developed with government support from national laboratories, 
universities, and nonprofit research institutions into the conunercial sector; and 
l..ll'Xierstancling the impact of relaxations in antitrust policy, the institution of 
tax preferences for research, and other changes in domestic "industrial" policy. 
Furthennore, several foreign governments encourage R&D in marine electronic 
instrumentation, and this encouragement has the potential for affectirg the 
competition in both foreign and domestic markets. Of particular interest are the 
activities of the followirg: Japan 1 s Ministry of International Trade and Industry 
(MITI) and Marine Science and Technology Center (JAMSTEC); the French Institute 
for Research and Development of the Sea (IFREMER); the Norwegian Council for 
Scientific and Industrial Research (NINF); E.'URCMAR-a EUREKA project proposed by 
the West Gennan Ministry for Research and Teclmology; and the United Kingdom 1 s new 
Coordinatirg Council for Marine Science an::l Technology. 
2. 3. 2. Ilnportance of the International Nature of Trade in Marine Electronic 
Instrumentation. COmpetition and trade in marine electronic instrumentation are 
largely international in nature. 'IWo key aspects of the business explain why 
this must be the case. 'Ihe world-wide homogeneity (in very general tenns) of the 
marine envirornnent means that an instrument designed for ocean use can be deployed 
in any m.nnber of locations throughout the world. At the same time, the high 
technology nature of these instruments irrplies limited geographic distribution of 
manufacturers, and high ratios of product value to transportation costs. 
Government data and discussions with members of the industry confirm the 
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significance of international trade in this business, which can acx:ount for IrDre 
than half of sare U.S. finns' sales arrl which appears to be on the increase, 
especially in the military sector. 
2. 3. 3. Importance of R&D and Inventiveness. Because IrDSt of the products 
cornprisirg marine electronic inst.nnoontation can be characterized as "advanced 
tedmology," the R&D intensity arrl the rate of inventiveness and innovation are 
particularly inp::>rtant to the success of finns in this i.rrlustry. 'lhe levels of 
R&D sperrling airDng U.S. marine electronics finns terrls to vary with sales (Figure 
25) arrl range from about 7 to 9 percent of sales. '!his has been found to be 
conparable to equivalent measures in other high tedmology industries, such as 
communication equipment and professional arrl scientific equipment (Kite-Powell, 
1988). While competition and user demands push for rapid innovation and adoption 
of new technologies, the "frontier" nature of the marine environment and the 
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premium on reliability at the same time seem to call for a relatively cautious, 
incremental kin:i of product evolution. 'lhe result appears to be a IrDre gradual 
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pace of prcxiuct evolution arrl new technology adoption than is evident in most 
"larrl-base:i" high technology irrlustries. Confinnation of this obseivation, 
however, requires further study as do its implications for the pace of advance in 
ocean science arrl resources development. 

3. Institut.i.<Iliil ParanEt.ers Affect.iig Cciipeti.ticn in 
Marine El.ect:rari.c Inst::rtme1taticn 
Among those factors that affect the perfonnance arrl competitive position of 
MEI finns, sorre of the rrost i.rrportant are institutional ones, namely incentives or 
restrictions on R&D, prcx:iuction, arrl danestic arrl int.enlational trade. Broad 
national arrl int.enlational polic ies govern research, prcx:iuction, arrl markets for 
most manufactured goods, arrl specific policies govern either MEI or individual 
goods arrl services in the MEI irrlustry (~C, 1985). 'Ihese policies include 
domestic "irrlustrial" policy, such as the protection of intellectual property, 
business arrl incorre taxation, arrl antitrust policy, arrl policies affecting 
international trade, such as export controls arrl i.rrport restrictions. 
Other policies specific to marine electronic instruments include government 
investments in R&D, "buy-national" procurement rules, validated export license 
detenninations for controlled items, arrl nontariff trade barriers (such as 
government funding of develo:pment costs of technologies competing in world 
markets), among others. For example, two U.S. federal statutes include statements 
of policy that specifically encourage the development of marine electronic 
instruments. (However, neither statute has been used in the recent past for the 
purpose of subsidizing or even promoting the U.S. marine electronic 
instrumentation field.) '!he Marine Resources arrl :E:rgineering Development Act of 
1966 [P. L. 89-454) , which authorized the Stratton Commission study of 1969, was 
enacted to "encourage and maintain a coordinated, corrq;>rehensive, and long-range 
national program in marine science. n1 One of eight specific objectives set out in 
the Act for marine science (defined to include engineering and technology in the 
marine envirornnent) calls for the development arrl ilnprovement of marine 
instruments, particularly for oceanographic research arrl resource exploration and 
recovery. 2 
A secon::l statute, enacted eight years later in the wake of the oil price 
hikes, the Solar Energy Resecrc:h , Development, arrl Demonstration Act of 1974 [P.L. 
93-473], was enacted primarily to promote the development of solar power 
technologies. One part of the Act required the Cllairman of a "Solar Energy 
Coordination and Management Project" to assess solar energy "resources," including 
the collection of data on insolation, wind, ocean thennal gradients, and 
1 33 U.S.C.A. 1101(a) (1982) . 
2 33 U.S.C.A. 1101(b) (3) (1982) . 
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photosynthetic corwersion. 'Ihe specific goals of the resource assessment program 
were to include: 
. . . the developnent of advanced meteorolCXJical, oceanographic, and 
other instnnnents, methodology, and procedures necessary to measure the 
quality and quantity of all solar resources on periodic bases. 3 
Although the policy goals set forth in these legislative enactments have been 
largely ignored in recent years, the importance of marine electronic 
instrumentation to the advance of knowledge and to pro:Jress in all ocean sectors 
remains clear. FUrthenrore, the c:orrpetitive position of U.S. finns in the MEI 
field can be affected significantly by a wide array of government policies and 
actions. Here, we present Sl.II'['[(1CITies of such national and international policies. 
We conclude with a preliminary analysis of the pathways through which MEI 
technology is transferred from its origins to u.s . and international markets and 
across marine sectors. 
3 . 1 Domestic Industrial Policy 
3 . 1.1. Government-sponsored research. In the United States, R&D for marine 
electronic instruments is corrlucted by both the public and private sectors. Some 
of the private sector R&D is perfonned under contract to public agencies. It is 
difficult to break out furrling specific for marine electronics from either 
sector. For federal agencies, we have corrlucted a limited telephone survey to 
identify federal agencies that corrluct programs involving either R&D or the use 
of marine electronic instruments. To the extent feasible, we have been able to 
obtain rough estimates of R&D spending for the current fiscal year (1988) on 
marine electronic instrumentation (Figure 26) . OUr extremely rough estimates 
place total federal R&D spending on MEI at approximately $500 million annually. 
3 .1. 2. Naw Research. Historically, the Navy has been the prinary government 
source of furrls for R&D in marine electronics, beginning with the investments in 
radio and radar at the turn of the century, sonar during World War II, and other 
technolCXJies. Until 1950, when the National Science Foundation was created, the 
Navy furrled the majority of goverrnnent marine electronics research (including MEI) 
3 42 U.S. C.A. 5554(a) (2) (1982). 
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Figure 26: J;qercy R&D Ib::}:Jets far Marine El.ectrcni.c Inst:.runeltatiat, 1988 
estimated. Salroe: tel~ interviews with government officials. 
and other marine technologies at private finns, national laboratories, 
universities, and irrleperrlent research institutions (Allison, 1985). As a rough 
approximation for the Navy, Figure 27 shows the current distribution of total D.:>D 
research budget among these research perfo:rmers. In general, independent 
oceanographic institutions and universities terrl to corrluct basic scientific 
research, while the Navy labs and private finns are involved to a greater extent 
in the exploratory development , prototyping, and advanced testing stages. 4 
Although the Navy still furrls a substantial portion of basic research under 6 . 1 
and 6.2 m:>nies, NSF and NOAA have now also assumed major funding roles in this 
4 
'lbere are many exceptions to this general rule. For example, the 
development of a "forward deployed sensor system" for Navy submarines at WHOI 
might be considered "exploratory" (6.2) to "advanced" (6.3) development work 
(NNUI', 5 Sept. 1988). Conversely, there are many projects sponsored by the Navy 
laboratories that are purely theoretical, and thus arguably categorized as 
"development of the kn<:Mledge base" ( cf. , NORI:li\, 1986) • 
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Figure 27: Department of Defense RIJI'&E Breakdown by ~ormer, FY 1988. 1988 
total is $43,719 million. Sairce: Godwin (1987). 
area. In fiscal year 1988, for the first ti.ma, a snall program ($400K) using 6.1 
monies, was established solely for the developnent of marine instrumentation. 
As depicted in Figure 28, Navy R&D is divided into six categories (McCarthy, 
1987; USN, 1985). Navy research is more properly referred to as research, 
developnent, testing, arrl evaluation (RDI'&E), because approximately 90 percent of 
defense research carmot be characterized as basic science (NSF, 1988) . Figure 11 
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(see: section 1. 4 .1. above) denonstrates that total Navy research funding has 
increased significantly since 1982 (OMB, 1961-1986). Projections for Navy 
research call for significant cutbacks in the rate of increase, perllaps even a 
decrease in funding levels. Already, the Navy has cut back the number of 
individual R&D "programs" by nearly 40 percent, although this has occurred as 
total R&D funding has increased (Lehman, 1987). 
One major focus of Navy inst.nnrentation R&D is in the area of antisubmarine 
warfare (ASW}, and this has been the "leading priority" for Naval R&D funding 
requests since 1985 (Paisley, 1987}. Figure 29 gives an i.Itpression of U.S. Navy 
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Figure 29: U.S. Navy ASW ProcureiJent arrl R&D Expelrlitures, 1965-88, in billions 
of 1987 dollars. Sal:rae: Sea '.l'edlmlogy (~ Nov. 1987). 
expenditures on ASW procurement and R&D over tixne. Figure 30 shows a current 
listing of ASW programs funded by the Navy, including existing and proposed 
funding levels. One i.rrportant research area, knc:M1 as the SUrface Antisubmarine 
Warfare Inprovement Program (AN/SQQ 89), is directed at l..nproving the capability 
of surface warships to detect, identify, locate, and track enemy submarines. '!his 
program has received a major impetus as a result of the diversion of teclmology 
useful for submarine propeller noise reduction to the Soviet Union (see section 
3. 2 .1. ) . '!he Navy already has awarded two fixed contracts for the system "design 
definition" to conpeting contractors and expects to spend a total of approximately 
$1 billion on R&D for this program. The initial stages of the program will 
encompass an up:lating of software and the repackaginJ of existing teclmologies. 
Figure 30: 
51 
ASW PROGRAMS 
, ...... --.n, 
UDI.-'0 
I \Ill 
S.S. CMBI W SYS IOU' 6<16! SO!l6 
SSH-11 .:MBI SYS 615!1 51!11 
S.S. -!IDIV6CI61 SI!li 
!.b Ale!< '1111 DIY 6ll62 IIIII 
WA -CI >JD.P IIHG I 61611 511116 
SU '-'"" i41Cil SOlo! 
SSN-611 VLS 6010 SISOD 
SLtllww IJW PToc11ms 
!.b llol 11111 DlV 615!0 S0222 . .......................... .. 
All'< CW.fORM SUB AWJS 611!0 RIIOI ..... ···-.. -··-· .... .. 
s... """ """''""'' ! jiOI som 
!.b """ '""''"""' EIIOl SO! I! _ ------·--All'< !.b l.dl 61161 51!14 
(MIP/ [COS 6150111110 
All'< SIG ntC 61101 SlllO .. 
"'JBSY-1 !1121 Sill/ 
Dooilo<>IOI IU<I" ... 21611 SilO) ... ______ ...... - .... 
loll ASW PII(X;WIS 
S·l WSlP 61211 '110119 ......... --··---·-·---........... . 
CV ASW """'-" 61221 SOIII .. --.. -·-·- ·----.... .. WIPS Ill""''""''""" il!l! WIIO/ _________ _ 
Ptn11011 ~10(1111011 6121! WI!OI -· ·---
CV HHD AVIOI<Ci IMP 6121! WIMIII!AD IMPIIOY -·~­
CV II ASW HtlD !1129 WIIIO -------
P-1 IJCW!t rt '"""" 61211 WISII --· ----liM !)'lltm ~'"'"'"'' 61!21 Willi ___ , _____ _ 
lSI SYS •1<1111<' ' 61211 Wi lli - ........ _____ -·-·-··----- . 
P•lG 61211 WI!IL ............... - ........ - ............. __ ............ . 
6omb""""''"''[8DU) .. ............. _ ......................................... . 
P-l U/0 rt """" !1101 WOOOS . -·---.. ---··---·- ......... . 
>Cillllrl< IIIII lll llltl 61111 Wil li ....... _ .. ______ ---
[lAPS 612!1 WOIII. ·-·--····------····-" 
ASW '''""" & PIIOC 61261 WOIIO· ------
tlol• 1m< lilly tHIJ.) 61261 WIOOO -----··--" 
!PC SUllY !r..ct I ISS) 61261 W!001--------• _ 
All'< A5W '''"'"' 61211 Will! ------·--·--· l'lo1<<1 Bt1111 .. 61211 WI!!! ..... _ ..... _ ............. - .... ..... - ... 
,OtfiCI 8ut1f~l) 6170! W0490 ·- ······ ·······-···~·--··· .. ··-······· 
lk.-nd """"I<Splon!1261WI!11 ................................ .. 
10 II! 
IIIII 
210116 
I IS! 
51001 
109101 
IIS!i 
l/!1 
I! II 
!liD 
1! 1!8 
0 
!1111 
0 
20) 195 
IIllO 
9.111 
liOi 
1911 
16911 
12!1 · 
3.911 
11.011 
1.031 
1.310 
0 
0 
0 
0 
0 
ll )90 
0 
0 
llll 
11!1 
1161 
10161 
SURf AC! ASW PIIOCAAMS 
"'ISOS-IJC !ISIS 51111 .. ·-·--............ ··- _ . IIl ii 
A5W """""I 1\'1 •~<t•• 15!!0 501!6....______ _ II ill 
All'< WIIII<Jd O{V O!V !liiO Sllll ------· - 0 
MA- SO 100' t.IJ.Wl l !I!IOSOI!!________ 11!911 
\\S I.SROC !IllS SISOI --------.. -- l98li 
SQO I!""""""""' Wll 5191! --···--................ __ 11!06 
Sott~a ~~~~ IOI!P D!f 61106 som _______ .._, ___ ...... 11 181 
Sotf><l ~ Wlronl illll S0!!9 -· _ .............. _....... .... 'I 281 
A5W MJY D!Y illll 51101 ................ .................................... II Oil 
SURf lAC I TW '"""' 61111 5111! ............................ ........... !.518 
UHO!RSU S(NSOIS f'II(X;IAMS 
liSS .........,,. IIlii 10166 ----·-- ·-· .... 2! 519 
A5W AID 6llllll9ll ·--· ·----- 2! I!J 
IIX(D 0151 SYS 61111 lllll __ ----_ - lllOI 
lliRTASS llllllOIII ....... --------· .... -. 151! 
AIIIAON( 6110 lllll ------ .. ----··- ··- I 965 
l~UC 0('1 6l6H SOli! ......... -.-... --....... ..... 1616 
OTH!R i!>W PIIOCR/.MS 
ASW ! I ~'i11ms !llll WJJ. ...... _ ................... _ ... , 
MW 6! 61111 WJJ. . .... . ···----...... .. - .. 
AI SEA ASW GRII UP(R 6119! 11!51 _ -·-·--- ..... . 
AOlUSIHOII-AWJS /Jillf' illll IIOJI ___ .... .. 
HWC SIR/.1 51- SUP! illll Rl/61 -·- .. --
11.\Y Wtr 1...: ANAl 6111110901 - ----· 
A5W SYS SUi'! i!lll lOlli 
SACWIT A5W Rt!UICft CIR 61151 1!0115 
A5W All'< lTCN illllllOI! 
i!iwSYS"'Al;])lll201l 
AU.S OCH MS~ ll<l MOO<! PROC il111 ROllO .. 
MJY i!>W !ARC 63511 SOi!l 
£MATT6li29SIOII 
151 OUP TGI 63129 51511 
AUT(C 61161 ~0111 
All'< AOJUS PiOC moa xom 
11oo AWJSTK: A5W Ul!ll096l ______ _ 
11000 
10900 
!000 
0611 
I SII 
ll2! 
Jill 
0121 
0 
0 
10108 
6101 
I 0~1 
II ~i)Q 
19 692 
1119 
!0!11 
· IM.ollttM-
lUI nu 
1))00 15161 
!IIlli lOll!! 
!ll112 191010 
!Oil !110 
I !Ill 10 JOO 
!11)11 IIIII 
!IllS IIlii 
0 0 
0 0 
1!98 II /II 
II III 11 011 
11191 !l Oll 
!1916 16111 
llll 1!11 
111199 11591 
lll!l 31111 
0 0 
5111 1111 
l!!l l !16 
11151 IllS 
0 0 
0111 0 . 
10101 lOIII 
0 0 
lOll 5!09 
Ill II IIIII 
1.111 llll 
11 185 16.111 
1911 1911 
IIi I I 461 
llll I Ill 
II ISO 20100 
ll Oil 11100 
1m 1111 
' 11011 10!! 
11 ~11 lOll 
15.JJ! 11.011 
IIIli 1111 
11 119 II III 
0 I iii 
IIlii 11612 
IIIII 1610 
!Ill! lUll 
IIlli 16111 
1 101 1!1! 
11161 21114 
Iii! IIlii 
10116 Ut11 
2!111 ! hi 
11911 1:!01 
ill& lUI 
II Oil IIIII 
11m IIlii 
11000 10000 
109 00 11100 
II Ili 21110 
1116 Ill! 
1191 1111 
1561 sm 
1591 1100 
IJO'l Tlll 
I! 100 liM 
5000 ~ ~~ 
IJHI lll~l 
1161 O;;J 
0 0 
9109 IOiil 
1!011 Iilii 
Ill! ! ~ 16 
!0 191 10 Ill 
u.s. Navy Anti-sutJ:oarine warfare (~ Program:;. 
of dollars. Sairce: Rllq>f (1987) . 
FllrrlinJ in millions 
52 
later stages will involve the developnent of new technology (GAO, 1988a). 
'IWo other areas of Navy research may have an influence on marine electronics. 
Joint research efforts are conducted by the Navy with other U.S. government 
agencies and with same of the NA'ro governments. In particular, the Defense 
Advanced Research Projects /1J;jency (I:ll\RPA), an agency that does not perfonn any 
research itself but instead coordinates research projects of use to m:::>re than one 
defense deparbrent, sperrls roughly 6 percent of its budget on ASW research. 
Because of the heightened importance of ASW activity to the Navy, I:ll\RPA has 
recently (1986) created a Navy Technology Office to elevate the status of ASW as a 
research priority (Thlncan, 1987). 'Ihe Navy is involved under provisions of the 
"Nunn Amendment" in the conduct of joint research projects with NA'IO governments, 
including the develo~t of an "advanced sea mine" with the United Kingdom. 
Under both the Foreign Weapons Evaluation (FWE) and the NA'IO Corrparative Test 
programs, the Navy is investigating foreign-made equipment such as the "Barra 
Sonobuoy" manufactured in Australia and a naval depth sounder manufactured in 
Greece (MCCarthy, 1987). 
3.1.3. Research by other Agencies. For several reasons, it may be difficult to 
disaggregate funding specifically for R&D in marine electronic instnnnents out of 
the federal marine science budgets. /1J;jency budgets usually do not include a line-
item identifying funding for inst.rurrentation. Research contracts may include 
either the development or the purchase of inst.rurrents as a necessary charge for 
studying a scientific question. (In fact, Navy sources have indicated that 
instnnnents are always developed as part of a scientific program or to achieve a 
specified military mission. '!here is no funding solely for the purpose of 
developing instnnnents.) Nevertheless, it is reasonable to assume that 
government funding for MEl follows the sarre trends as overall goverrnnent marine 
science funding, even if the actual level is unknown. And it is clear from an 
examination of Figure 26 that the Navy is by far the largest, m:::>St influential 
source of expenditures for R&D on marine electronic instnnnentation. 
With same exceptions, funding for R&D on marine electronic instnnnents 
generally is under 5 percent of total agency R&D for those agencies with marine 
responsibilities. 'Ihe future for government funding of R&D on marine electronic 
instnnnents is optimistic. It is expected that Navy funding will continue at 
roughly the present level in real dollars. (Although Navy R&D funding 
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skyrocketed during the last eight years, irrlustry experts expect that Navy budgets 
will have to be reoriented toward the design, manufacture, and procurement of 
downstream prcx:lucts of research. '!his will effectively put a ceiling on future 
increases in R&D.) Several large-scale scientific "global change" studies 
involve substantial ocean c:orrponents, and these are expected to require the 
developrent of instnnnents, particularly current meters, telemetering systems, and 
data management systems. Although not providing specific experrliture 
information, Figure 31 characterizes the projected "level of effort" for the U.S. 
Global Ocean Science Program, showing the total effort and the proportion that is 
expected to be devoted to "sensors and sampling" (GOSP, 1987) . NSF will be the 
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major :furrli.ng source, and NSF officials are forecasting a 5-10% increase in 
furrling over the next decade. In addition, increased enphasis by the Deparbnent 
of Energy, ACoE, and the EPA in monitoring pollution of estuaries and marine 
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erwironments rna.y involve stepped-up levels of R&D on marine electronic 
instrumentation. In particular, ACoE has begun a multiyear, $7.6 million project 
to develop onboard dredge nonitoring systems as one component of their "Dredging 
Research Program. II 
3 . 1. 4 . IR&D and B&P Trends. Ftm:ling of 11 in:leperrlent research and development" 
(IR&D) or "bid and proposal" (B&P) costs incurred by private defense contracting 
firms may have an ilrportant stllnulating effect on research activity in marine 
electronics. As part of the procurement process, U.S. defense contracting 
procedures5 allow a :portion of "negotiated, allowable" costs for the development 
of new technology and products by private firms to be allocated to either IR&D or 
B&P. 
IR&D is finn-initiated and -funded and is not contracted for specifically by 
defense agencies. Finns allocate IR&D costs over all contracts (and thus into the 
price of their products), regardless of whether the customer is military or 
civilian. Defense customers, however, have access by law to all results of IR&D 
efforts, although contracting finns may retain proprietary rights to IR&D results. 
The defense agencies may reimburse firms for up to 40% of their defense-related 
IR&D costs, but this amount may not exceed the dollar amount of projects having a 
":potential military relationship." 
Although defense agencies have no direct influence over the selection or 
elimination of IR&D projects, or over their scope or research direction, one 
congressional study has found that "guaranteed furrling by lbD to negotiated or 
accepted ceilings stllnulates the experrlitures of co1:p0rate resources and, in fact, 
lessens the elements of risk" (House Approp. an., 1982). '!bus research efforts on 
marine electronics, for exarrple, that result in either .immediate corranercial 
benefits or future spinoff :potentials could be enhanced by defense agency IR&D 
reimbursements. 
'Ihe amount of allowable IR&D is determined either on the basis of a statutory 
fo:rmula in the case of small defense contractors or through an annual negotiation 
process in the case of large defense contractors. For negotiated IR&D cases, the 
amount of allowable IR&D is dependent upon a detennination of the :potential 
5 
'Ihe Federal Acquisition Regulations (FAR) are found generally at 31 C. F.R. 
205-218 (1988). 
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military relationship (FMR) of i.rrlividual projects in the finn's research 
portfolio. FMR detenninations are to a lcn:ge extent discretionary, based upon the 
examination of project description reviews arrl on-site evaluations perfo:nned by 
officials from DJD laboratories. Recently, large defense contractors have 
perceived a trerrl of decreasing am::>Unts of I'lE!g'Otiated, allowable IR&D measured as 
a percent of sales over the recent five year period from 1982 through 1987-from 
5.25 to 4.23 percent (ADPA, 1987). 
'Ihis trerrl has been of particular concern to high technology defense 
contractors, whose principal customer is the military and whose advanced 
technology R&D to sales ratio may average from 7 to 9 percent. In effect, the 
goverrnnent may be shifting an increasing share of the risk of R&D effort onto 
defense contractors, who must pay for the costs associated with increased risk out 
of profits. 
Although all of the reasons for this perceived trerrl are not immediate! y 
apparent, goverrnnent defense budget concerns may be a significant influence. For 
example, concurrent with the decreasing trerrl in allowable IR&D, there may be an 
increasing trerrl in I'lE!g'Otiated, allowable B&P costs. '!he presumed effect of this 
shift (decreasing IR&D, increasing B&P) is to encourage more finns to submit bids 
and write proposals on specific goverrnnent contracts, thereby increasing 
competition early in the procurement process and potentially reducing overall 
costs to defense agencies. '!he primary concern of the lcn:ge defense contractors, 
other than facing increased competition up front, is that reductions in allowable 
IR&D costs will h.anper their ability to maintain research momentum and, as a 
result, reduce their ability to compete on a technological basis. This issue may 
be particularly important to the military sector of the marine electronics 
instrumentation irrlustry, but its effects are not :inunedi~tely measurable. '!his 
issue (along with others related to goverrnnent contracting and procurement 
practices) is a potentially useful area for further research. 
3 .1. 5. Goverrnnent Procurement. Federal goverrnnent agencies are an irnportant 
factor in the markets for marine electronic instruments, and, measured in tenns of 
sales revenues, they are irrleed the most significant customers. Of all federal 
agencies, the Navy is, of course, the largest customer. Figure 32 presents a 
breakdown of planned other Procurement Navy (Om) experrlitures specifically for 
general classes of marine electronics (Smith, 1987). When all classes of Navy 
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FY1987 FY1988 FY1989 
Communications/ Electronics 
Ship Radars 135 148 165 
Ship Sonars 226 243 178 
ASW Electronics Equipment 378 201 250 
Reconnaissancej Elec. Warfare 251 230 327 
Other Electronic Equipment 325 213 303 
Communications Equipment 463 655 913 
Strategic Platform Support 159 78 143 
Aviation Support Equipment 
Sonobuoys 187 118 138 
TOTALS 2124 1.886 2417 
Figure 32: other P.roc:ii:reuent Navy (Om) of Marine El.ect:rcnic Instrumentation, 
1987-89. Nullile.rs in millions of dollars. Sarrce: Smith (1987). 
procurement are considered, ~tures specifically for marine electronics are 
roughly five percent of the total. Although this figure appears small, Navy 
annual procurement for marine electronics may represent between 50 and 75 percent 
of the U.S. domestic market--a very significant proportion. Figure 33 gives a 
perspective on procurement for other goverrunent agencies for marine electronics. 
Generally, procurement budgets for MEI in federal agencies with marine 
responsibilities are 5 percent or less of their total procurement. Together, all 
federal agencies outside of the Navy spen:i only about 2 percent of what the Navy 
spends to procure marine electronics. 'Ihese figures are at best only coarse 
estimates, because agency budgets usually do not break out specific marine 
electronic procurements as a line item. For exanple, the u.s. Coast Guard Bear 
class rrediurn-endurance cutters are fitted out with new "Corrdac" cormnand, control, 
and communications equipment. 'Ihe costs of these advanced radar/navigation; 
corrnnunication systems are buried within one contract for eleven cutters. Agencies 
may seek innovative methods for marine electronics procurements, including the 
sharing of ~tures with other agencies. For exanple, the Coast Guard is now 
procuring Forward Looking Airborne Radars (FIAR) for its HC-130 aircraft. 'Ihe 
radars can be used for search and rescue missions, law enforcement, and ASW (they 
are capable of spotting a periscope at 28rnni in nroerate sea conditions). Since 
1982, furrling for these radars totalling $88 million has been obtained from such 
diverse sources as Coast Guard acquisition, construction and improvement (AC&I) 
accormts, supplemental Defense Department appropriations, and Navy Aircraft 
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MEI as 
AGENCY Procurement a % of 
Total MEI Total 
NAVY 
Aircraft 9,925 
Weapons 6,502 
Shipbuilding/Conversion 11,605 
Other Procurement 4,984 1,830 37 
Procurement Marines 1,402 
Military Construction 
--l.....!2..l 
Total 35,869 1,830 5 
USCG 550 28* 5* 
NOAA 80 4* 5* 
ACoE 995 10* 1* 
USGS 36 1 3 
DOE 1,657 0 
EPA 47 <1 <1 
TOTALS 39,234 1,873 5 
*Our own estimate based upon u.s. Navy procurement proportions 
and a subjective consideration of agency responsibilities. 
Figure 33: Aqercy Pl:oc::ureDent ~far Mar~ Electronic Instrumentation, 1988 
estimated in millialS of dollars. Salroe: tele{ilane interviews with 
gcNeJ:TmSit officials. 
procurem::mt :furrls. 6 '!here are many facets to the broad issue of goverrnnent 
procurem::mt which may have substantial influence on investments made by marine 
electronics fints. 7 Because the goverrnta1t is such an irrportant customer in this 
field, virtually any shift in procurement policy or obligation authority will have 
a tangible effect. 'Ihree policy aspects seem to starrl out as having the greatest 
6 In 1986, a special Defense Department appropriation [P.L. 99-190] allocated 
$235 million for a\.lglOOI1tation of usa:; inventories of equipment and other 
procurem::mt items for national defense pw:p:::ses. 'lhese 100nies are to remain 
available until fully expen:Ied. 
7 Procurement can be broadly defined as any public expen:Iiture made to obtain 
goods or seJ:Vices (R&D, consulting, manufacturing, off-the-shelf items or parts, 
systems, maintenance, etc. ) from the camrnercial sector. However, we focus 
narrowly here on the purchase of manufactured goods. 
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potential for affectin:J COI'I'petitiveness in marine electronic instnnnentation 
markets: multiyear defense contractin:J, buy-national provisions, and foreign 
military sales . We concentrate here on these issues, but note that there are 
several other aspects of proc:::uremant which may deserve closer attention in future 
research efforts. 
In 1981, due largely to a perceived problem with urderinvestment in 
facilities, advanced technology, and manufacturin:J equipoont by finns in the 
defense irrlustry, the Defense Depa.rt:nvant' s authority to contract for weapons 
systems for JTK)re than one year was broadened. A recent congressional study has 
found that SOire prime contractors have been influenced by D1ll.tiyear CX>Jrt:ract.i.rg, 
but, perhaps JTK)re i.Jrp:>rtantly, subcontractor investments have been encouraged by 
this contractin:J method (GAO, l988b). In effect, multiyear contracting may 
provide a lower risk, stable investment environment for both prime contractors and 
subcontractors. However, although Federal Ac::quisition Regulations (FAR) encourage 
prime contractors to negotiate multiyear subcontracts, this is not a mandatory 
requirement. 
Stuart Platt (1984), the Navy's first Cc:lllpetition Advocate General, has 
explained that "the biggest JTK)St noticeable advantages of competition come early 
in the life cycle (of the ac:x:;Illisition prcx::ess], and we are acting accordingly." 
In line with this statement, irrlustry sources in the defense contracting business 
have indicated that there is an increasin:J trend toward contractin:J with one prime 
contractor for the production of an entire weapon system or system element. 'Ihis 
has resulted in contracts goin:J to one large defense contractor or, in some 
cases, to joint ventures. For ex.anple, in March of 1988, General Electric won a 
$1.8 billion contract to engineer and produce on a limited basis a submarine 
advanced combat system (AN/PSY-2), which includes both acoustic sensors and combat 
control, for the Navy's new Seawolf (SSN-21) class attack submarine. IBM will 
subcontract for roughly 15 percent of the work and GE must "qualify" IBM as a 
secorrl production source. 'Ihe two cx::mpanies will then compete for future 
production contracts (GAO, 1988a). 
Where large multiyear defense contracts are won by one finn, the opportunity 
exists for other defense-oriented finns to subcontract with the prime. However, 
the negotiating p:>Sition of the prime contractor is significantly enhanced by the 
stability of the multiyear contract, even in cases where there may be only one 
finn available for a specific subcontracting job (GAO, 1988b). Opportunities for 
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enaJUraging investment in the defense sector of the marine electronics field might 
be enhanced through the increased e:nploynent of nru.ltiyear subcontracts. 'Ibis 
issue may not be as important for those subcontractors who corrluct a significant 
portion of their business in non-defense-related areas. 
Riy-na.tiCI'lal. provisions are another form of encouragement for the U.S. -based 
marine electronic instrumentation irrlustries. In::lustl:y sources have indicated 
that the Navy may be looking at foreign-based sources for some marine electronic 
technologies, but this still represents a very small proportion of Navy 
procurement. In many cases, foreign firms may be ineligible for security 
clearances (even firms from NA'IO cotmtries) arrl this may either exclude these 
firms from the U.S. market or force them to set-up or buyout U.S. -based 
subsidiaries. MilitarY-strategic concerns thus remain an important stimulus to 
firms incorporated in the United States. 
On another front, a bill recently was introduced in the u.s. House (H.R. 
4704) to IOOdernize arrl exparrl NOAA's oceanographic fleet. '!he bill contains a 
provision requiring that "at least 50 percent of the cost of all machinery arrl 
equipment must be purd1ased in the United States" (OSN, 1988). Certain kinds of 
scientific equipnent may be exe:npt, if it cannot be "reasonably" acquired in the 
United States. Although this kirrl of buy-national rule would apply to marine 
electronic instruments, we expect that its benefits, if enacted, may be limited to 
only a few u.s. firms for only a short period of time. Furthennore, the 
potential exists for the procurement of relatively costly equipment, thereby 
raising the total costs of establishing arrl maintaining the national oceanographic 
fleet without necessarily facilitating the international corrpetitiveness of u.s. 
manufacturers. 
'lhe foreign military sale (FMS), as authorized by the anns export control 
laws of the United States8 , is a method by which sales to qualified foreign 
gaverrnnents of defense-related marine electronic instnnnents may be encouraged. 
'!he President is authorized to sell defense articles or services to "friendly" 
foreign countries arrl international m:ganizations, to contract with private firms 
for the procurement of defense articles or services for sale to these foreign 
countries, to finance foreign procurements of defense articles (known as "credit 
sales"), arrl, for a fee, to guarantee U.S. firms against political and credit 
8 Foreign military sales authorizations: 22 u.s.c.s. 2761 et seq. (1982). 
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risks of nonpayment when U.S. fi.nns finance sales to foreign cormtries. It is 
clear that a significant part of defense marine electronics are traded as foreign 
military sales. For exanple, in 1981, the Naval Sea Systems Comrnarrl awarded 
Gould's Defense Electronics Division a $71 million increase on a contract to 
prcrluce tc:Med array sonars (AN/SQR-19) for the U.S. Navy arrl for Spain through a 
foreign military sale program (SI', Oct. 1984). 'Ihe proportion of foreign military 
sales in all defense sales for marine electronics arrl the extent to which FMS 
programs stimulate the prcrluction of marine electronics are questions deserving of 
future research. 
3. 1. 6. Intellectual Property Rights. 
In the United states, a patent is a grant from the federal government that 
allows an inventor to exclude others from the manufacture, use, or sale of an 
invention (PID, 1982). Patents are defined by "specifications" that "claim" the 
technology that is new arrl useful. Patent claims are supported by the 
description, which may include pictures, drawings, or even a scale mcxlel, but the 
claims are the llDSt ilnportant part of the patent in tenns of property rights. In 
the case of an infringement, where issues of the scope of patent protection 
frequently arise, reviewing courts examine the patent claims. Persons found to be 
infringing on existing patent rights may be enjoined from continued infringements 
or required to pay damages (sometimes up to treble the estimated damages, and 
including attorney's fees). 
Patent protection granted in the United states extends to every state, 
territory, arrl possession. Patent protection outside of the United States is 
possible only through application to in:lividual governments. Under provisions of 
the Paris Convention for the Protection of Irrlustrial Property, several cormtries 
have agreed to standardize patent rights and to treat the date of first 
application in one of the signatory countries as controlling. A separate 
international agreement, the Patent Cooperation Treaty, established a standard 
application arrl centralized filing procedure that allows ope patent application to 
be filed concurrently in any of the signatory cormtries. Upon issuance, fees and 
other requirements may differ substantially by country, even for those that are 
signatories to the above agreements. In general, patent protection is stronger in 
the industrialized countries and is weaker (or sometimes nonexistent) in 
developing countries. 'Ihe issue of the protection of intellectual property 
61 
rights, especially in high technology fields, currently is receiving attention at 
the ''Uruguay l<ourU" of international trade discussions on the General Agreement on 
Tariffs arrl Trade (GAT!') • 
Once a patent has been granted, as a kirrl of property right, it can be 
mortgaged, assigned, or the rights to make, use, or sell the invention can be 
transferred urrler license. However, not every patent is valuable, and. obtaining a 
patent can be costly.9 Coles (1983) has suggested that many academic patents are 
"pioneering" patents at the forefront of technology (and therefore pe:rhaps not 
immediately useful for carratereial purposes) in comparison to industrial patents 
that tend to be more "defensive" (pe:rhaps to maintain a monopoly position). 
Patents resulting from basic research may have significant payoffs, but the 
payoffs may be so far into the future that, when discounted, they appear small. 
Members of the Marine Electronics Instrumentation Panel have indicated that 
finns in the MEI industry usually do IKJt employ a strategy of patent protection 
for their technologies. '!here may be several reasons for this. First, given a 
lc:M expected di.scamted return on basic research, it may be conunercially 
infeasible to seek patent protection. Second, the rapid pace of tedux>logical 
advan::e exhibited by marine electronic instrumentation finns, implying a 
relatively short lifetime for individual products, may militate as well against a 
strategy of protecting intellectual property through obtaining a patent and. may be 
an indication of the use of trade secrets instead.10 'Ihird, if the issuance of a 
patent is detennined to be detrimental to the national defense, the Conunissioner 
of Patents arrl Trademarks has the authority to withhold the patent grant and order 
that the patent be kept secret. Because nruch marine electronics R&D is conducted 
for the military sector, a substantial proportion may fall under this national 
9 The average cost of obtaining a cxmnercially marketable academic patent has 
been estimated at $30,000 per patent, up to one-third of which may be attributed 
to search costs (Coles, 1983) . Members of the Marine Instrumentation Panel have 
indicated that this may be an overestimate. We have received no revised estimate 
from the Panel, but Driscoll and. Kransdorf ( 1987) have stated that the average 
cost may be as little as one-tenth of the above estimate. 
10 In SClJ:re of our interviews, a few industry officials felt that their R&D 
efforts were not directed so nruch toward patentable technological breakthroughs as 
toward the "ruggedization" of existing technologies. It is not completely clear 
that this kind of innovation is unpatentable. We have found no evidence that the 
patent applications of finns have been denied, but it appears that (for whatever 
reason) finns may not bother to file applications. 
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defense clause. Fourth, there appears to be a significant 1IDVE!IDel1t of e.rgineers 
ani other resean::hers arrong the finns arrl research institutes in the field, thus 
pennitting a technology transfer pathway that may help break-dCMn the patent 
barrier. Fifth, in 1982, the Patent arrl Trademark Appropriation arrl Authorization 
Act [P.L. 97-247] instituted ·~ fees" for issued patents, a performance 
requirement interx:led to curb the practice of patenting solely in order to preclude 
the entry of c:orrpetitors into a patented area. Patents do exist in the industry, 
however, arrl it is still possible that developnents which are perceived as major 
technological breakthroughs may be patented. For example, patents exist on the 
bathythe.D'OClgraph arrl its variants (Figure 34), on side-scan sonar, and on lORAN 
navigation systems. Whether or not there has been a shift away from a historical 
strategy to patent in this industry is a question for further research. 
March 1, 1955 
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Figure 34: Exoel:pt. fran a Patent Jg>licaticn far a Bathythe:r:m::x:J, 1945. 
Salroe: U.S. Patent Office. 
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Within the last decade, several IOCldifications of the U.S. patent laws have 
been made, some of which have iirportant implications for research in marine 
electronic inst:rurrentation.11 'lbese IOCldifications were instituted primarily as a 
result of the realization that large numbers of patents were held by govern1'0011t 
agencies but were beirq c:x::anrrercialized only to a limited extent (Daddario, 1985). 
A significant change was the Patent an:i Trademarks Act of 1980 [P. L. 96-517], 
which gave universities, nonprofit research institutions, an:i snall businesses the 
option to retain title to patents granted as a result of research conducted with 
u.s. govern1'0011t funds. Although some furrling agencies (NSF in particular) had 
begun this practice in the 1970s, it was expected that this might encourage 
research leadirq to patents urx:ier some of the larger furrling agencies (Defense, 
Energy, NASA) . One of· the most profourx:i results of this Act was an increase in 
business furrling of university research efforts (GAO, 1987a) . An memorandtnn 
issued by President Reagan in 1983 exterrled this policy to all businesses 
receiving federal funds, but this was largely unnecessary, because most federal 
agencies gave patent rights to large business contractors as a matter of course in 
negotiating contracts. 
Another statute, the Patent Law Amerrlrnents of 1984 [P.L. 98-622], created a 
new fo:rm of intellectual property right, the stabrt:ory invention registration 
(SIR) . '!be grant of an SIR precludes any other inventor from obtaining a patent 
on an invention.12 However, it does not exclude anyone from manufacturing, using, 
or selling a registered invention. Intended primarily for use by government 
agencies arrl for research supported by govern1'0011t agencies, obtaining an SIR is 
l ess expensive than obtaining a patent (lower application fees arrl no maintenance 
charges) an:i not subject to the delays associated with publishing in journals (the 
date of SIR application is controllirq if the SIR is granted) . SIRs might be 
attractive to entities that are unconcerned with the manufacture, use, or sale of 
prcx:lucts resultirq from their research efforts, arrl who might gain through the 
publication (advertisement) of their research breakthroughs. '!bus far, there has 
been only limited use of SIRs by snall businesses arrl universities. Federal 
11 One nonlegislative IOCldification has been the relaxed enforcement of 
antitrust laws in patent cases (see section 3.1.8 . below). 
12 By law, the grant of an SIR establishes "prior art" arrl is a "constructive 
reduction to practice. " 
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agencies see them primarily as a rreans to preclude costly patent infringement 
suits levied against the government by private finns (GAO, 1987a) . Other similar 
methcrls, such as NASA's "Tech Briefs," which establish prior art, may be just as 
effective as the SIR process. '!he "Tech Briefs" method was suggested by the 
Marine Inst.l::un¥=ntation Panel as a method for ilnproving technology transfer in the 
field of marine electronic instrumentation. 
3 . 1. 7 . Tax Allowances for R&D and other MEI Investments. 
Here we briefly djscuss same of the provisions of the U.S. tax code relating 
to R&D efforts . Interviews with industry officials in the marine electronic 
inst.l::un¥=ntation field have resulted in a general ilnpression of the inportance of 
these provisions to the field . Many provisions are relatively new, instituted in 
the wave of tax refonn that took place during the tenure of the Reagan 
Administration. Because of their novelty, it is difficult to make authoritative 
conclusions about their effect on the industry. Most industry sources lament the 
removal of the investment tax credit, which for alm::>st twenty years was, in 
effect, an added allowable depreciation over and above the total depreciable cost 
of many types of corporation assets. At the same ti.Ire, however, the general 
corporation tax rate has been lowered considerably, and differences in effective 
tax rates among asset types and industries have been reduced. '!he net intended 
effect is the removal of distortions among investments, but, in order to achieve 
this, a redistribution of tax rates affecting same Wustries more than others was 
necessary. 'Ihus the effective tax rate for same Wustries was increased (e.g., 
from 1981 to 1986, the effective tax rate for communications industries increased 
from 24 to 36 percent), while that for others decreased (Pechman, 1987) . 
'lb a limited extent, tax allowances specifically for R&D investments have 
substituted for the removal of other kinds of capital consumption allowances, such 
as the investment tax credit. In the marine electronic instrumentation f ield, 
many finns devote a significant portion of their activity to R&D (Kite-Powell, 
1988) . "Research and experimental" (R&E) expenses may qualify for varying tax 
treatments including deductions as a current expense, deferrals, or credits, and 
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accelerated depreciation of physical capital.13 The use of one or more of these 
tax allowances is depenjent upon the irrlividual finn's financial situation arrl 
investment strategy. 
There are n<::M two credits available for research expenses, arrl both credits 
may be taken together. These credits are combined with other business credits 
into a "general" business credit used to offset tax liability .14 First, 20 
percent of certain "basic research" payrcents made after 1986 to qualified 
organizations (e.g., universities, tax-exerrpt scientific research institutions) 
can be taken as a credit.15 Second, 20 percent of "qualified research expenses" 
in excess of the greater of either the average of research expenses over a three 
year base peri<Xl or 50 percent of the current year's expenditures can be taken as 
a credit.16 Research quruifying for the credit must: 
• discover infonnation that is technological in 
nature; 
• involve experimentation relating to a new or 
irrproved function, perfonnance, or reliability or 
quality; arrl 
• be useful in the development of a new or irrproved 
business component.17 
13 Although there is no fine line separating the activities of "research" 
arrl "development," U.S. tax policy favoring development potentially may contravene 
international accords as a fonn of export subsidy (see section 3. 2. 2. below) . 
14 IRC sec. 41. 
15 The credit is based on the amount of research expenses that exceed a 
"special floor," which is calculated roughly as average contract research costs 
plus average university contributions incurred during a three year base period. 
See IRC sec. 41(e) for specific details on the calculation of the special floor. 
Basic research that qualifies for this credit is defined as an "original 
investigation for the advancerrent of scientific knowledge not having a specific 
cornrnercial objective. 11 
16 This credit has replaced the previous 25 percent credit for qualified 
research expenses incurred between 1981 arrl 1985. However, the rules explaining 
what types of research expenses qualify have been nxxlified. 
17 In determining the level of qualifying research, final products are 
considered first, to see whether or not they meet the above standards. If not, 
individual components of the product are considered to determine the proportion of 
total research qualifying for the credit. These are abstracts of a three-part 
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Tax policy analysts disagree about whether or not the R&E tax credit actually 
does encourage irrlustrial research (Eisner, 1987; Baily, 1987). 'Ihese analysts 
generally agree, however, on same of the "perverse" effects that result from the 
way in which the credit is structured. For exarrple, if R&E experrlitures for any 
particular year exceed the average of three previous year expenditures, the real 
tax credit is only 10% or half of the naminal rate on the excess (GAO, 1988c). 
Further, there may be an irxlucerrent for finns to decrease R&D expenditures in same 
years if there are reasons to expect that this might increase the probability of 
tax benefits available at a later date. Finally, finns with little or no tax 
liability (especially finns that are just starting-up) may be unable to use the 
tax credit, although the credit may be carried forward for up to fifteen years. 
'Ihis does not mean that tax credits are of no use to finns conducting R&D, 
although it is difficult to make conclusions about their usefulness for marine 
electronic inst.runv=ntation finns without access to individual tax returns. Figure 
35 shows the growth in qualified R&E expenditures from 1981 to 1983 over base 
period amounts arrl the total credit available for corporations in the broad 
industrial categories of electrical/ electronics arrl instruments, which include 
marine electronic instruments as a subset. It is interesting to note that large 
Qualified Base Growth Rate 
Industry Year R&E ~ over Bii!.S!il 
Electrical/ 81 1953 1385 41% 
Electronics 82 3463 2402 44 
83 4598 3059 50 
Instruments 81 756 518 46% 
82 1624 1202 35 
83 1858 1339 39 
Total U.S. 81 13,492 9612 40% 
82 26,172 19,606 34 
83 28,199 20,512 38 
*Includes carryover from previous years in 1982 and 1983. 
Some of this may be used in years subsequent to the year 
in which it is calculated here . 
Total* 
Credit 
130 
273 
451 
51 
106 
137 
878 
1653 
2189 
Figure 35: Qualified R&E Expentib.rres and Tax credits, 1981-83, in current 
millicn; of dollars. Scurce: after Mentz (1987), usirg data :frcm the 
Office of Tax Analysis, u.s. Department of the Treasury. 
test specified in the Internal Revenue Code. See IRC sec. 41 for details and for 
ineligible expenses. 
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corrpanies tern. to reap the nost benefits fran the tax credit (this might be 
expected because on average they may sperrliOC>re on R&D). For example, from 1981 
through 1984, a congressional study using a sample of 927 corporations fol.lrrl that 
corporations with assets greater than $250 million earned from 75-80 percent of 
the total tax credit (GAO, 1988c). Based upon our discussions with irrlustry 
officials in the marine electronic instnnnentation field, we have fol.lrrl that same 
finns take advantage of the R&D credits, while others do not. Evidence of the use 
of research credits, hCMever, is evidence of increases in an industry's research 
effort (assuming that the increases are not solely a reclassification of other 
types of invesboont as R&E). Increases in research effort are important 
indicators of behavior in an industry, and so we plan to investigate the use of 
research credits more closely in our future investigations. 
'Ihere are several other provisions of the U.S. tax laws that may influence 
economic activity in the marine electronic instnnnentation field, including 
depreciation rules, deductible and deferred expenses, among others. A COITplete 
l.lrrlerstarrling of the net effect of federal tax rules on the behavior of finns in 
this field should include an examination of these types of provisions, and we plan 
to include a closer examination of the net effect in the second year. Here we 
focus on two types of institutions that potentially could have a profol.lrrl effect 
on international COITpetitiveness in this field: foreign sales corporations and 
venture capital finns. 
'Ihe foreign sales cozporation (FSC) 18 is a type of finn established in a 
foreign country organized l.lrrler the laws of that country for the import of U.S. 
manufactured goocts.19 Even though the U.S. tax laws encourage the establishment 
of FSCs for the facilitation of U.S. exports, based upon our discussions with 
industry officials, we have found that there may be only limited use of FSCs in 
the MEI field. Apparently, many finns (particularly the smaller size finns) 
prefer instead to employ foreign sales representatives, to engage in foreign 
marketing themselves, or to invest in joint ventures with foreign finns. 
Venture capital curpanies, certified by the Securities and Exchange 
18 Similar to "domestic intemational sales corporations" or DISCs. Because 
DISCs were found to be a fo:rm of illegal export subsidy l.lrrler the tenns of GAT!', 
the 1984 Tax Refo:rm Act created FSCs. IRC sec. 921-927. 
19 FSCs often are subsidiary corporations usually set up by large u.s. finns 
trading high volumes of goods. 
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Conunission, invest in other corporations that are "principally engaged in 
developin;J or exploitin;J inventions, technolCXJical improvements, new processes, or 
products not previously generally available.n20 As a form of "regulated 
investment canpany," venture capital firms are permitted to deduct div idends paid 
to shareholders and are taxed only on income that remains urrlistributed. 21 
Because venture capital institutions ter.d to "forge linkages" arocmg a diverse 
array of organizations with variable skills to reduce the risks of innovation 
(Florida and Kenney, 1988), their activity level in a particular field may be an 
important in:licator of irxiustrial behavior. 
Although there were at least two mutual furrls (similar in concept to venture 
capital firms) and one venture capital firm, Ocean Science capital Corporation 
(Paine, 1968), established in the 1960s that fcx:::used on marine instnnnentation, 
little interest has been expressed recently by venture capitalists in MEl firms . 
It is interestin;J to note that venture capital invesbnents in the broad class of 
electronic components and other electronics, were nore than $300 million in 1986, 
the third largest group for these k.irrls of invesbnents. Nevertheless, relative to 
other fields, such as computers, medical research, or biotechnolCXJY, the MEl 
field may be perceived by venture capitalists as havin;J only a small potential for 
rapid, short-term growth. Moreover, the rerroval of the capital gains differential 
by the Tax Reform Act of 1986 reduced the incentive for venture capitalists to 
invest in emergin;J fields with long-term potential (Schrage, 1988). To the extent 
that marine electronic instrumentation technolCXJies are perceived as early-stage, 
long-term i.nvesbnents, we expect that venture capital activity may be minor at 
best. 
3.1.8. Antitrust Policy for R&D 
In the late 1970s ani early 1980s, American irxiustry faced burgeonin;J 
corrpetition from foreign firms in many domestic markets, ani international trade 
\ 
increasin;Jly becalre an important factor in these markets ani for the U.S. economy 
20 IRC sec. 851 (e) (1}; Treas Reg. 1 . 851-6. 
21 Regulated invesbnent COll'palli.es must meet certain standards in terms of 
registration, nature ani distribution of income, ani diversification of assets. 
Venture capital COll'palli.es are permitted to meet a looser diversification of assets 
standard than other regulated i.nvesbnent canpanies. 
69 
as a whole. IArrinJ the tenure of the Reagan Administration, the effects of 
goverrment policies on international <:::XJIIpetitiveness were examined and several 
proposals were made to free the private sector from what were seen as unnecessary 
"restrictions. " Among the national policies recei vinJ close scrutiny were the 
antitrust laws. In many instances, these laws were perceived as anachronistic, 
applyinJ to a bygone era when the U.S. economy was less international (NAE, 1988). 
One of the priorities of the executive branch was the renoval of antitrust 
barriers to the corrluct of R&D (Baxter, 1985), an issue of significant ilnportance 
to the high technology irrlustries. One immediate result of this policy shift has 
been the promotion by the Deparbne.nt of Justice (OOJ) of increased intellectual 
property protection and the relaxed enforcement of certain patent licensinJ 
practices that were ccinsidered "per se" antitrust violations in the recent past 
(McMahon, 1986). 
In 1984, Congress passed the National Cooperative Research Act (NCRA) (P.L. 
98-462) 22, which in the main was a legislative affirmation of existing Deparbne.nt 
of Justice (OOJ) enforcement policy regarding joint ventures in R&D. 23 Its most 
ilnportant provision states that, in legal actions taken under the U.S. or similar 
state antitrust laws, joint R&D ventures are not considered to be illegal per se 
but instead are judged accordinJ to their "reasonableness. n24 'Ihe latter standard 
requires a higher level of proof that a particular joint venture is 
anticornpetitive. Join·t ventures may take advantage of the Act's limitation on 
relief provisions (rerocwinJ traditional antitrust treble damages) by registering 
the venture with OOJ. 
A cursory review of R&D joint ventures registered with OOJ has revealed that 
no ventures have been fonned since the enactment of NCRA specifically for the 
purpose of conductinJ R&D on marine electronic instrumentation. Based upon our 
initial set of discussions with irrlustry officials, we have found only a limited 
22 15 U.S . C.A. 4301 et seq. (1982). 
23 Concen1S about this issue were examined first by President Carter's 
''White House IXJrnestic Policy Review of Industrial Innovation" in 1979. See: 
Antitrust Division, Antitrust Guide Concerning Research Joint Ventures, 
Washington: u.s. Deparbne.nt of Justice, 1980. 
24 15 U.S.C.A. 4302 (1982). In addition, the Act removes the traditional 
treble damage relief and awards attorneys fees to the substantially prevailing 
claimant. 15 U.S. C.A. 4303, 4304 . 
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number of cases where R&D is corrlucted jointly anorq finns in the irrlusb:y. One 
registered joint venture, the Microelectronics an::l Conq:uter Technology Corporation 
(MCC), includes as shareholders (Figure 36) several large companies (11 out of 22 
shareholders) that also are producers of marine electronic instnnnents. MCC 
focuses on the followirq areas of research: advanced computer architectures; high 
density packagirq of semicorrluctors; software technology; an::l very large scale 
integration/computer-aided design.25 
Although it is unknown whether any marine i.nstnn'oonts have benefited 
specifically from the results of the MCC effort, we expect that, given the 
interests an::l involvement of the shareholders, the p:lSSibili ty exists that future 
benefits will flow from this research into marine instnnnents. 
Urrler the provisions of the Export Tradirq Cclrrpany Act of 1982, tradirq 
COI'I'panies may be established in the United States to facilitate export trade. 
• Advanced Micro Devices 
• Allied Corporation 
• Bellcore (including Bell Telephone companies) 
• Boeing* 
• Control Data Corporation 
• CTU of Delaware (subsidiary of United Technologies*) 
• Digital Equipment Corporation 
• Eastman Kodak 
• General Electric* (including RCA) 
• Harris Corporation* 
• Hewlett-Packard 
• Honeywell* 
• Lockheed* 
• Martin Marietta* 
• Minnesota Mining and Manufacturing 
• Motorola* 
• National Semiconductor Corporation 
• NCR Corporation 
• Rockwell International* 
• United Technologies* 
• Unisys Corporation (including Sperry* and Burroughs ) 
• Westinghouse Electric Corporation* 
Figure 36: Microelecb:alics am CCIIplt.er 'l'edlmlogy o:n:poratioo Shareholders. 
"*" i.rrlicates a finn involved in marine elecb:alic inst:ruroontatioo. 
Among sarre of the encouragements fourrl in the Act is a preliminary anti trust 
clearance review corrlucted by the Deparbnents of Cc:xml'erce arrl Justice. Although 
the COITpanies are not exenpt from suit by private parties after review, there is a 
"presurrq;>tion of validity" for the export corrluct of tradirq COITpanies that receive 
certification. Several COI'I'panies already have been organized to export 
electronics, erwirornnental, an::l scientific equipment, although we know of none 
25 Federal Register 50(78): 15989-90 (23 April 1985). 
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that are organized specifically for the ~rt of marine electronic 
instn.noontation. Because several factors influence the volume and rate of 
~rts, especially foreign econcmic growth, relative exchange rates, and others, 
it may be too early to detennine whether or not this Act has had any p::>sitive 
effect (GAO, 1986a). 
Companies, joint ventures, trade associations, and other business entities 
rna.y request OOJ's Antitrust Division to corrluct a "business review." 'Ihis review 
allCMS OOJ to examine and camrent upon the p::>tential competitive effect of 
"proposed business corrluct." A business review states OOJ's enforcement intention 
at the time of the review but does not limit its enforcement power subsequent to 
the review. We have examined the Antitrust Division's Digest of Business Reviews 
and have fourrl no rev1ews of business corrluct related to the marine electronic 
instrumentation industry. 26 
'!he Federal Trade Commission (FTC) has many resp::>nsibilities under the U.S. 
antitrust laws, but one major focus is to encourage competitive forces in the U.S. 
economy and to prevent unfair practices (price discrimination, exclusive dealing 
arrangements, mergers and acquisitions that may substantially lessen competition 
or that terrl to create a m::>nop::>ly, among others) that hinder competition. One 
role of FTC 1 s Bureau of Competition is to study corrlitions affecting competition 
in the U.S. economy. Preliminary contact with officials at the Bureau has 
revealed that they have not collected information specifically on the marine 
electronic instn.noont industry. 
3 . 1. 9 . Small Business Encouragements. 
Several programs providing financial or other incentives for small businesses 
are sponsored by the U.S. Small Business Administration (SBA.), an independent 
agency with an annual budget of roughly $500 million. SBA. rules set out specific 
requirements for finns that qualify as small businesses, generally in terms of 
26 Antitrust Division, Digest of Business Reviews: 1968-1982, Washington: 
U.S. Dept. of Justice, 1983 (includes annual supplements through 1987] • 'IWo 
distantly related reviews concerned a proposal by the Electronics Industry 
Association for access for American finns into a worlcr..vide certification system 
for electronic components (1978) and NSF's ocean Margin Drilling Program, which 
included U.S. oil Companies engaged in joint research and scientific exploration 
of the outer continental shelf and deep ocean (1980). 
72 
m.nnbers of employees or value of sales voh.nne. 27 Because nany finns in the marine 
electronic i.nstnnnentation field qualify as srral.l businesses '\.ll"rler these rules, 
SPA programs, incl~ business developnent, goverrnnent contract assistance, 
financial assistance, arrl advocacy, are i.nportant to this irrlustry. Here we 
discuss three prograrns whic:h are of special interest. 
A SiDBll :rosiness invest::nert: cnrpany (SBIC} is a privately capitalized, 
profit-making finn whic:h is assisted financially by the SPA. SBICs make "venture 
or risk" invest:Irents (unsecured or partially secured loans or equity loans} in 
small businesses. '!hey are licensed arrl regulated by the SPA. We have not found 
any SBICs that are specifically devoted to marine electronic instn.nnentation. 
However, because of goverrnnent assistance, this kind of a venture capital 
institution potentially may be less affected by the trends toward later-stage, 
short-tenn invesbnents (see section 3.1.4.), arrl, as a result, could benefit finns 
in the marine electronics field. 
Regular business loans made by conunercial len:li.m institutions may be 
guaranteed between 85 to 90% by SPA. An average SBA.-guaranteed loan is 
approximately $175,000 with a maturity of eight years (the maximum loan size is 
limited to $500,000}. Loans can be guaranteed by SPA for working capital, plant 
and equipment, or other needs. In the event that a small business is unable to 
obtain a loan guaranteed by SPA, SPA is authorized to make loans (up to $175,000} 
directly to srral.l businesses. SPA also has other kinds of loan programs and makes 
bond guarantees (SPA, 1987}. We have uncovered no infonnation about the extent to 
whic:h SPA guaranteed loans have been used by MEI finns, but this appears to be a 
program with muc:h promise for discrete market opportunities requiring improved 
economies of scale for efficient production. 
Under provisions of the 1982 small Business Innovation Development Act, 28 SPA 
coordinates a program of competitive small &Jsiness Innovation Resea.rc:h (SBIR} 
awards for government-sponsored research to srral.l businesses. '!he Act requires 
27 Small businesses are defined generally as businesses that are 
indeperrlently owned arrl operated arrl not dominant in their fields. SPA 
regulations set limits on the m.nnber of employees or sales volt.nne for specific 4-
digit SIC irrlustry groups. '!he limit for SIC 3662, whic:h encompasses most of the 
marine electronic i.nstnnnentation sector, is set at 750 employees. 13 CFR 121.2, 
Tables 1 arrl 2 ( 1987} . 
28 15 u.s.c.s. 638 (1982). 
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federal agencies with large R&D budgets (usually larger than $100 million) to 
allocate a certain portion (1.25%) of their annual budget toward this program.29 
Figure 37 shows the SBIR awards specifically for marine electronic instruments 
over the period 1983-1986 (OIRI'/SBA, 1984-87). Fhase 1 arrl phase 2 awards are 
broken-out by furrli.n;J agency. OVer $16 million has been awarded over this period, 
with the Defense Depart:rrent (primarily the Navy) contributing 73 percent. 
Experxlitures in this area have grown steadily each year; in 1986, they topped $1.5 
million to 31 finns for phase 1 research arrl $5 million to 17 firms for phase 2 
research. In 1986, the average SBIR award for MEI research projects was $132,000. 
E.lpendllutll (current I lhoUNncll) 
.......................... . .................... . ........................................................................................... .. .... .. ........ ,. ot Tot•l 
Phall ,.., 1114 1115 1111 TOIII 13· 11 
DOO $874 (1 S/ 12) $824 (UI U) $1,020 (21119) $1 ,1&8 (23122) 
$1,409 ( 911) $2,027 (9 / S) $4,314 (16/ U) 
$11,63& 
NASA $146 (313) $100 (212) $14& (313) 
$974 (212) $969 (212) $US (111) 
$2,&11 
DoT $49 (1 11, $100 (212) $100 (212) 
$300 (111 ) 
"'9 
NSF $101 (3 /3) $36 (111) $120 (3/3 ) u s (212) 
$121 (1 / 1) 
$442 
DoC $30 (1 / 1) $90 (3/3) 
$170 (1 / 1) 
$290 
DoE $47 (111 ) $99 (2/ 2 ) 
$14& 
Dol $36 (111, $35 I 111) 
$70 
HHS $50 ( 111) 
$50 
EPA $49 (111 ) 
$49 
All Agencl•• $1 ,204 (24120} ,,,0 .. , (21111) $1,5 17 (32130) $ 1,522 (32131 ) 15,214 
$2,513 ( 1211 I ) $2,967 ( II Il O) $5,019 (1etl7) 110,751 
TOTAL 11,204 (24/20) $3,724 (33121) 14,601 (U/U) 11.111 (50 / 45) 111,042 
TN& Rgl..re 111 an abawac:t of SBIR award& tnldl by aoeney, broken do'M1 b'J phiM. Rgl.rn In p ............... ftpf'M«''C I'll I"'...ITTb« ot ~Ward& and 
lhl ,..,,,.,'De, of Arms rec•W"G awaflds ~e.g .• (2U20) mean& 2.4 Pfqtctt Mlded 11 20 CIW.rene ....,.,, 
1113·11 
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Figure 37: Small D.lsiness Inrw:lvatiat Resea:rdl (SBIR) Awards for Projects Related 
to Marine El.ect.rcnic Inst:ruliEnt:atian, 1983-86. San:ce: OIRr/SBA 
(1984-87). 
29 
'!he program is eli vided into three "phases." Urrler fbase I, up to $50, 000 
is available to ~rt up to one-half of a year of effort. fbase 2 projects are 
directed at successful :Rlase 1 efforts, arrl up to $500, 000 is available for two 
year devel<:>prent projects. fbase 3 projects with a specific federal goverrnnent 
application may be funded to help support a project to cammercialization. 
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Annual SBIR awards probably represent ony 2-5 percent of the marine 
electronic i.nst:rurrv:mtation i.rxiu.stry's total R&D efforts. 'Ihe Marine 
Instnnnentation Panel identified small business policy in the United States as an 
area of special concern. 'Iheir deliberations resulted in a list of several 
problems faced by small businesses in the marine i.nst:rurrv:mtation field (Figure 38 
is an edited fonn of the list). One of the main conclusions reached by the panel 
was that the SBIR program was insufficient (Comerford, 1988). In particular, the 
members of the panel felt that SBIR awards "don't go far enough, either in numbers 
or dollars" (Williams, 1988). 
• Inadequate SBIR funding 
• Not enough SBIR phase 2 projects 
·• Insufficient proposal writing expertise 
• SBIR instrumentation too specialized 
• High cost of capital for high risk ventures 
• Limited access to funding and other resources 
• Unfair share of government procurement 
• Insufficient internal R&D support 
• Limited access to technology 
• Lack of management specialists and expertise 
• Holding onto good management people 
• Political power gap 
• Ineffective communication with elected 
representatives 
• Trade association activities are limited 
• High cost of patenting 
• High cost of product redevelopment to match 
market demands 
• Identification of customer needs 
• Vulnerability to market penetration by foreign 
competitors 
Figure 38: Prd>la:os Faad by Small :aJsinesses in the Marine Electronic 
Instrumentati.CK'l Field, as identified by the Marine Instrumentati.CK'l 
Panel. 
An examination of Figure 37 reveals the high concentration of SBIR awards 
(nearly three-quarters of both the m.nnber and the dollar value) issued by the 
Defense Deparbnent (Navy), presumably for predominantly defense-related research. 
Navy awards have increased in numbers from 45 in 1983 to 286 in 1987 (IbD, 1987). 
'Ihe number of proposals received by the Navy has increased as well, from 944 in 
1983 to 2004 in 1987. Yet SCJIIe agencies with specific marine electronics research 
needs, such as the u.s. Coast Guard and the Anny Corps of Engineers, may find 
their research needs (and their potential for making SBIR awards) buried among the 
priorities of their parent agencies. It might be worthwhile for the National 
Marine Electronics Agen:la to promote the potential for benefits from SBIR-type 
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research for agencies with smaller research budgets but with more specific marine 
responsibilities. At the same time, small marine electronic inst.rumentation 
businesses might be encouraged to take advantage of some of the other SEA programs 
that have the potential for improving their prcductive output. 
3. 2. International Trade 
3 . 2 . 1. Export Controls. 
In the United states, the Congress has a constitutional authority to control 
international cxmunerce, arrl the right to export any i tern from the United States is 
a grant from the federal goverrnnent. As shCMn in Figure 39, a grant to export 
appears in the fo:rm of a license, either general or validated (requiring written 
authorization). In particular, the exports of certain COITlllKX:lities, teclmical 
data, or services are controlled for one or more of three general reasons: 
national security, foreign policy, or dc::urestic output constraints ("shortages of 
supply"). Much of the responsibility for controlling the export trade from the 
United states has been delegated to the executive branch. 
GENERAL LICENSES: There are 21 types of general licenses. 
General licenses are available without application, and no 
documentation is issued to authorize exports under a general 
license. General licenses are available for commodities which do 
not appear on the control list and which are not subject to a 
"denial order." For commodities not subject to the Department of 
Commerce rules (munitions, controlled substances, nuclear 
equipment and material), general licenses are unavailable. The 
categories of general licenses are found in the Code of Federal 
Regulations, Title 15, Part 371. 
VALIDATED LICENSES: For commodities, technical data, or 
services found on the commodity list above a minimum value, 
application must be made by an &xporter for a validated license. 
Generally, a validated license is for a specified shipment. It is 
possible to obtain a validated license for a project, for 
distribution of products by a foreign distributor, or for the 
supply of replacement parts and repair services. An application 
for a validated license must include the identification of all 
parties to a transaction and "substantiate" an actual order for 
the product . 8XA reviews all applications to determine 
consistency with U.S. export policy. In addition, DoD reviews all 
applications for export licenses to communist countries . DoD uses 
its unofficial "Militarily Critical Technologies List" as a 
reference for export control determinations. The application 
review period is variable, depending on the nature of the product 
and its destination , and may run from five days to four months. 
This review period is now being shortened through the use of 
computerized validation. 
Figure 39: '1\«> Types of Export Licenses. 
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'Ihe U.S. Export Administration (BXA}, a bureau lcx::ated within the Department 
of Cc:lnuoorce, maintains a "control list" of CXJI'IU'OCldities subject to export controls, 
the nature arrl scope of control, arrl other pertinent infonnation. Generally 
speaking, CXJI'IU'OCldities fourrl on the "control list" in excess of specified minimum 
values must receive a ''validated" license prior to export. All applications for 
exp::>rt licenses are directed initially to BXA. In same cases, license 
applications are sent to the Defense Teclmology Security Agency (DISA} in the 
Defense Department or the Office of Munitions Control (OOC) in the State 
Department for review. 
Appendix D is an abstract of the O""•dity Control List identifying several 
marine electronic instruments subject to exp::>rt control rules of varying 
stringency. Commodities for exp::>rt are reviewed on a continuing basis to 
detennine whether or not they should be placed on or renoved from the control 
list. 30 Review is corrlucted by interagency Technical Task Groups (TI'Gs) with 
advice from the Commerce Department's Technical Advisory Corrmittees (TACs}. '!he 
TACs may receive comments from any interested party concerning the disposition of 
a commodity. 
'!he control list also identifies COill1tries for which validated licenses are 
required. 'Ihese COill1tries are segregated into eight "country groups." (In some 
instances, certain cornrnodities may be prevented from exp::>rtation, especially to 
countries such as Libya, South Africa, Vietnam, or COill1tries of the Soviet bloc. ) 
In addition, the United States is a member of the Coordinatin:J Ccmnittee for 
Multilateral Export Conb:ols (ax:x:M), an international lxrly established in 1949. 
ax:x:M consists of 15 COill1tries that maintain similar export control standards 
based on the "technical perfonnance" (not the stated errl-use) of specific 
cornrnodities. 31 A general license is available for the export to a::x::o1 
30 For exarrple, if a non-u.s. origin cornrnodity is found to be "available-in-
fact" in a proscribed COill1try, u.s. producers may be able to claim "foreign 
availability" arrl to seek decontrol of the export of a commcx:lity (or technical 
data) controlled for reasons of national security to that country. 15 CFR 391 
(1987). 
31 'Ihe member COill1tries are: Belgium, canada, Dernnark, France, West Gennany, 
Greece, Italy, Japan, lllxembourg, the Netherlanis, No:rway, Portugal, Spain, 
Turkey, the United Kingdom, arrl the United States. 15 C.F.R. 370.2 (1987). A 
recent ruling by the U.S. Export Administration pennits exports to Finland to be 
treated as if Finland were a ax:x:M member. 52 Fed. Reg. 32121 (26 August 1987}. 
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destinations of "low-tech" canm:::xlities that othen~ise would require a validated 
license. For exanq;>le, a recent a:x:x::M review resulted in a revision to validated 
license controls on item 1501A (navigation, direction-fin:ling radar and airtx:>rne 
cornmunication equipment).32 
a:x:x::M maintains three "lists" of COII'IIrodities, the export of which the member 
cotmtries agree should be controlled to the Soviet Union and other COilUTIUJ1ist 
countries: the International Atcanic Energy List, the International Munitions List, 
and the International List ("dual-use" items that might be used for either 
civilian or military purposes). However, in:lividual member cotmtries are not 
necessarily constrained by agreem:mts concluded at a:x:x::M; domestic export law and 
p::>licy may supersede a:x:x::M agreem:mts. In addition, there may be variable 
interpretations of license restrictions by irrlividual a:x:x::M member cotmtries, 
resulting in a variable export control system. 
Perllaps the m:::>st salient recent exanq;>le of this variability is the 1986 
'Ibshiba-Kongsberg Technology Diversion case. In this case, three Japanese 
companies and one Norwegian company were fourrl to have sold "sophisticated" marine 
propeller milling machines and related corcp1ter technology to the Soviet Union. 
This sale is referred to as a "diversion" because the technology was considered 
important for national security reasons and export licenses should have been 
denied under the a:x:x::M system (Senate Banking an., 1987) . 'Ihis case is of 
particular importance to some sectors of the marine electronic instrumentation 
field, because the technology can be used to make Soviet submarines rtm quieter, 
thus creating a need for the u.s. to research, develop, and produce more effective 
ways to detect these submarines. The discovery of the diversion resulted in the 
tightening of the Japanese and Norwegian export control systems and heightened the 
sensitivity of U.S. agencies with export control authority, even though none of 
the equipment in question was manufactured in the United States. 
As can be seen in Figure 40, several other federal agencies share 
significant resp::>nsibility over the control of exports with BXA, resulting in a 
carrplicated export control process driven in sometimes variable directions by 
different agency viewpoints (Lindstrom, 1985) . 'IWo of these agencies are 
important for MEI products, the Department of State, which manages the U.s. 
"munitions list," and the Department of Defense, which manages its list of 
32 Federal Register 50(176): 37136 (11 September 1985). 
Oep arlme nta 
BXA - Export Admlristration 
OMC - Office of M\Klitions Control 
TAC- Technical Aa.isory Committee 
TTG - Technical Task Group 
TTIC -Technology Transfer lnto!Ugonce Commttoo 
TTSG - Technology Transfer Sto«ing Group (used to 
resotve disputes between Cornmefce and Defense over 
tlcenstng recorrmendations under 1085 Presidential 
directive) 
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IPTO - lntom ational Progams In Technology Offtce 
IETSPO - International Economc Trade and Security Policy Offico 
CCL - Commodity Control Ust 
ML • MI.Xlitions List 
MCTL - Militarily Critical Technofogl .. Ust 
DTSA - DofenM Toctnofogy S.Cuity AdminfiTition 
OEE - Offico of Export Enforcornont 
OEL - Office of Export Uconolng 
Figure 40: F'ede>.ral Agerx:::ies Exercisi.n} OJIIl:Lol 011er Exports. 
"militarily critical technolo:Jies. " All license applications made by finns 
located in a::x:x::M member countries are received initially for review by CMC in the 
State Deparbrent, which seeks additional review from Cormne.rce or Defense, if 
necessary. Under a presidenti al directive issued in 1985, the Defense 
Deparbrent' s license application review authority was broadened to include e ight 
prcx:hlct categories (including one that covers "electronics and semiconductor 
manufacturing") for destination to 15 specified free world countries (all outside 
of a:x::x::M), the Soviet Union and China. 33 Recently (May 1988), the list of free 
world destinations was shortened to eight countries, and this has cut DoD's review 
load by roughly 43 percent (GAO, 1988d) . 
Based upon intervi ews with industry officials, we have obtained a mixture of 
impressions of the effects of U.s . export control policy on international trade in 
marine electronic instnnnentation markets. 'Ihese impressi ons range from no effect 
33 However, since 1981 DoD has reviewed "high technolo:JY, conputer-related" 
applications to IOOSt free world destinations under the provisions of a COmmerce-
Defense interagency understanding (GAO, 1986). 
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at all to a significant effect, but there are at least four ilnportant factors 
influencing the effects of export controls on irrlividual finns. First, arrl lt'OSt 
ilnportant, is the destination of the product to be exported. Export license 
applications to Soviet-bloc countries have longer processing times arrl higher 
denial rates. Ard DoD denial of applications to Soviet-bloc arrl other free world 
destinations can be made on general grounjs of national defense concerns, without 
the specificity required of Cc::.a'rnoorce Department application denials (GAO, 1986b). 
MEI finns have encountered this phenomenon, arrl there are cases where prcxiucts 
that were granted licenses in earlier years m:>re recently have been denied. Most 
often the reasons for this "crack-down" on exports are attributed to the Walker 
spy case or the Toshiba-Kongsberg teclmology diversion case. 'Ihere are signs 
that controls may be loosening, such as evidenced at the U.S. -Soviet Trade arrl 
Economic Council IOOeting in Moscow in April of 1988 where the U.S. Secretary of 
Commerce, William Verity, announced a loosening of controls on some types of 
nonstrategic goods, including energy equipment arrl engineering services, but 
progress is expected to be slow (Starrels, 1988). 
Secorrl, the nature of the prcxiucts are ilnportant. Not all marine electronics 
are considered to be "militarily critical," lt'OSt notably the 
commercial/recreational marine radios, fishfirrlers, etc., arrl many of these 
products are exportable urrler general licenses. At the other extreme, some 
defense tedmologies may be traded in foreign military sales programs (see: 
section 3.1.2. above) arrl thus are, in effect, sanctioned for export by the 
federal government. Tec:hnologies that fall outside of these two cases, arrl 
especially products that are elements to be combined with other technologies into 
a marine electronic system or assembled in a foreign jurisdiction for resale 
elsewhere (COI'I'pU.ter hardware arrl software are gocx:l examples), seem particularly 
vulnerable to U.S. license application denials. In part, this is due to the (not 
wholly unfOl.ln:ied) perception that export controls are less stringent in foreign 
jurisdictions, even within a:x::x::M countries. Researching foreign license 
validations is fraught with difficulty, especially since lt'OSt foreign export 
control systems are not COI'I'pU.terized or othenvise difficult to access. lost sales 
of sorne kirrls marine electronic instrumentation products to foreign prcxiucers due 
to the inability of U.S. finns to assure foreign customers of the ability to 
obtain a u.s. export license are not uncornrron. 
Both the size of the exporting firm arrl the proportion of its sales into 
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foreign markets influence the effect of export controls on international trade. 
larger finns terrl to have the resources to devote one or more employees solely to 
the task of obtaining export clearances. In some circumstances, sales 
representatives or dedicated agents located in foreign jurisdictions can speed the 
process of obtaining dc:x::urrentation to assure federal goverrnnent officials that 
tedmolcgy will not be diverted. Finns that sell only a small proportion of their 
products into foreign jurisdictions would be expected to face a smaller number of 
export control problems, although this is highly deperrlent upon the nature of the 
product being exported. Small finns may still face significant problems in 
obtaining export clearances, even if only one product line is involved. 
'!here are additional issues associated with the effect of export controls on 
international trade in marine electronic instruments. 34 Some industry officials 
have doubts co~ the level of technical e>q:>ertise sh<::M1 by federal license 
reviewers, am this may be urrlerstarrlable given a wide range of technologies that 
must be examined and the limited number of examiners. In cases where technologies 
are available in foreign jurisdictions, but U.S. export licenses are denied, it 
can be costly, with no guarantee of success, for U.S. finns to demonstrate 
"foreign availability" as an appeal to the licensing decision. But perhaps the 
most inp::>rtant issue concerns the fluctuating inp::>sition and relaxation of 
controls that has been experienced during this decade. '!he regulatory uncertainty 
associated with variable levels of control (seemingly driven by foreign policy 
directives or national security breaches) raises the costs faced by U.S. finns 
involved in exporting marine electronic instrumentation. '!his is a problem of 
direct relevance to the international competitiveness of the field as a whole and 
would seem to i.npact to a larger proportional extent on small, newly-emerging 
finns in these markets. 
3. 2. 2. Import Restrictions and Barriers to Trade 
'!he majority of barriers to trade concern inp::>rt restrictions instead of 
export controls . '!he erection of trade barriers raises two general issues: the 
restriction of inp::>rts of U. S. items into foreign jurisdictions and the 
restriction of inp::>rts of foreign items into the United States. While these 
34 'IWo additional areas of potentially productive research include controls 
on tedmical data or infonnation useful for the design or manufacture of marine 
electronic instrumentation, am export insurance policy. 
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issues seem simple at a general level, because of the variety of methods by which 
ilrports can be restricted an::l the different reasons for restriction, ilrport policy 
can becon'e quite carrplex. It is not our intention here to give an indepth 
description of ilrport restrictions an::l ilrport policy (cf. arA, 1983). Instead, we 
will present an overview of the issues faced by U.s. m:mufacturers of marine 
electronic inst.rurOOntation as they export into foreign jurisdictions, an::l the 
remedies available to those manufacturers as they face trade barriers, both at 
home and abroad. 
Most countries l..Jntx>se duties, known as tariffs, upon the entry of a foreign 
product into their home jurisdiction. 'Ihe exorbitant tariffs erected by the 
United States urrler the Sioc>ot-Hawley measure in 1930 (and the resulting 
international countervailing reactions) are believed to have been a ma.jor factor 
leading to a breakdown in inte:rnationa.l trade an::l to worldwide economic 
depression. Generally, most countries have realized the detrimental effects of 
large tariffs upon inte:rnational trade in goods and have agreed in multilateral 
trade negotiations to control tariffs to nominal rates on most products . '!his 
does not mean that all countries are given identical tariff treatment. As an 
example, in the Tariff Schedule of the United States (ITC, 1986a), which is 
maintained by the u.s. Inte:rnational Trade Commission, a typical entry for marine 
electronic instrt.nnentation is found (Figure 41). 'Ihe three columns underneath 
Item Article Rates of D.lty 
1 Special 2 
685 . 60 Radionavigational aid apparatus, 4 . 9% Free (A,E,I) 35% 
radar apparatus, arrl radio remote 
control apparatus, all the fore;Joing 
arrl parts therof 
Figw:e 41: Sanple Tariff Sdledul.e Entry for Marine Elecb:unic Inst.runert:atian. 
San:c:le: I'IC (1986a) • 
"rates of duty" are variable tariff levels for one item entering the U.S. customs 
territory. Colt.mm one represents the tariff imposed on products from canada; this 
82 
colunm is kr'laYn as the U.S. nost favored nation (MFN) tariff rate.35 'Ihe 
"Special" colunm represents the special tariff faced by selected developing 
countries under a "generalized system of preferencesn36 an:l by others such as 
selected caribbean Basin countries an:l Israel, which have free trade agreerrents 
with the United States. Colunm 2 represents the tariff faced by countries of the 
Soviet Bloc: an:l other selected cammunist countries (in 1980, the People's Republic 
of Cl1ina was reiOCWed fran the list). 
Tariffs in1posed by other countries are not identical to those of the United 
States, even under the MFN system. HCMever, the "Tokyo Round" of multilateral 
trade negotiations (part of the General Agreement on Tariffs and Trade (GATI']) 
resulted in substantial cuts in average tariffs. For example, because of the 
Tokyo Round negotiations, the average nominal tariff on electrical machinery (SIC 
383) was reduced fran 6.6 to 4.4 percent in the United States, from 9.9 to 7.9 
percent in the European Community, an:l from 7. 4 to 4. 3 percent in Japan. 37 
Because of the nominal tariff rates in1posed on nost marine electronic instruments 
(averaging perha:ps less than five percent), we expect that tariffs are not 
perceived as a major barrier to trade in this irrlustry. Items originating in 
communist-bloc: countries still face substantial tariff rates. 
An interesting, but small, program established in the United states allows 
the duty-free entry of scientific instruments. '!his program is available for 
public or private nonprofit institutions established for educational or scientific 
purposes. Eligible institutions make an application for duty-free entry to the 
International Trade Administration (ITA), which then serrls that applications out 
35 
''Most favored nation" tariffs are norxiiscri.minatory tariffs applied to 
iinports fran nations agreeing to provisions of the General Agreement on Trade arxi 
Tariffs (GAT!'). For canada, this tariff rate may be affected by the ratification 
of the recent United States-canada Free Trade Agreerrent. 
36 'Ihe generalized system of preferences (GSP) is a system of reduced 
tariffs for iinports fran qualifying developing countries. 'Ihe concept of GSP 
originally was formulated at meetings of the United Nations Conference on Trade 
arxi Development (UNCI'AD). For a good description of GSP, see: Sapir and lundberg 
(1984). 
37 'Ihese reductions were initiated in 1980 arxi phased in over the next seven 
years (Deardorff arxi Stern, 1984). 
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for review to agencies with relevant expertise.38 A brief review of recent 
Federal Register notices of applications has shown that marine electronic 
instrumentation is irrported from foreign jurisdictions under this program. Among 
recent irrports listed: the Huntec (canada) "deep towed pressure cornpe.nsated 
boomer seismic system" to WHOI (1987); the I.S.E. Gulf (canada) "remotely operated 
vehicle system, HYSUB-40 to Harbor Branch Fc:>tU"rlation (1987}; and the Sea-r 
Research canada "towed underwater submersible system, Model MANI'A" to NOAAjNMFS 
(1987). We have requested a c::orrputer search from the Statutory Import Programs 
staff at ITA of duty-free applications during the past five years to get a better 
understan:ling of the extent to which this program is used. 
'!here are several areas in which goverrnnent policies might have an effect on 
the corrpetitive position of u.s. firms in the international marketplace (:NAE, 
1984). In the future, we plan to look more closely at the policies exercised by 
other goverrnnents, especially govenment-spansored R&D efforts, and characterize 
their effect on the competitiveness of U.S. firms in this international market. 
In a related context, we will consider the extent to which foreign fi:nns and 
govem:ments perceive U.S. defense R&D spending to be a form of domestic industry 
support, particularly for technologies that are cornrnercialized and traded 
internationally. '!he following are examples of the kinds of foreign programs that 
we will be exarnining closely: 
• ~- Established in 1986 as a EUREKA project, E'URCW\R 1 s specific 
goal is the "development, application and successful exploitation of Europe 1 s 
advanced marine technology having worldwide market potential." One specific 
objective has been to "prorcote cooperation between industry and science in 
developing marine instrumentation and methods. " Participants in the ElJRCW\R 
program (firms, research institutions, govem:ments) seek private as well as public 
funding for their efforts. Participating European govem:ments include France, the 
Netherlands, West Gennany, Finland, and Norway, all of which have fi:nns that sell 
into marine electronic instrument markets and which compete substantially with 
u.s. firms (Euramar Sect., 1988). 
38 '!his program was established as section 6(c) of the Educational, 
Scientific, and CUltural Materials Importation Act of 1966 [P.L. 89-651], 89 
Stat. 897. Applicants must show that for the instnnnent 1 s intended use, no 
instnnnent is being manufactured in the United States of "equivalent scientific 
value" to the foreign instrument. 
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• Japan. 'lbe Japan Ministry of International Trade arrl Industry (through 
the Agercy for Irrlustrial Science arrl Technology arrl Japan ocean Industries 
Association) arrl the Agercy of Science arrl Technology (through the Japan Marine 
Science arrl Technology Agercy) target R&D opportunities in the ocean sector and 
have subsidized marine electronic instrumentation R&D projects, such as the 
development of OOVs, XBI's, optical fiber carnrnunication links, arrl automatic 
offshore oil arrl gas drilling (Kitamura, p.c., 1988; Saeki, 1984). 
• United I<i.npan. 'lbe U.K. Departrrent of Trade arrl Irrlustry (OI'I) provides 
support for the development of radars, sonars, simulators, automated control, arrl 
satellite navigation systems (SCST, 1985) • In 1984, approximately 193 million 
pounds ($259 million) was spent by the United Kingdom goverrnnent on "marine 
science arrl teclmology·." less than 7 percent (about $18 million) was devoted 
specifically for "improvement of teclmology" (GBCX>, 1984). Further research will 
be necessary to identify expenditures specifically for marine electronics. 'lbe 
U.K. goverrnnent recently has organized a Coordinating canunittee on Marine Science 
and Technology to coordinate goverrnnent funded activities in marine science and 
technology and to "develop a national strategic framework" involving goverrnnent 
deparbnents, research councils, arrl industry (NERC, 1988). 'lbe British Electrical 
Engineering Association has testified before the Select canunittee on Science and 
Teclmology in the House of lords regarding the large export potential for marine 
electronic equipment (SCST, 1985) . 
'!here are many other fonns of mntariff trade barriers (NI'Bs), including 
import licenses, ''buy-national'' goverrnnent procurement policies, perfonnance 
requirements, technical standards, quotas (including orderly marketing agreements 
and voluntary export restraints) , intellectual property right infringements (see 
section 3.1.6 above), and outright production subsidies (COO, 1987). OUr 
discussions with industry officials revealed that many of these kinds of NI'Bs are 
not prevalent in international trade of marine electronic instrumentation. '!here 
is a strong impression, however, that in some countries (United Kingdom, canada) 
buy-national provisions do in fact restrict the markets for U.s. manufactured 
products. Although the tendercy for U.S. goverrnnent agencies (especially the 
Navy) to favor purchases of marine instruments from u.s. manufacturers is 
recognized by finns in the industry, generally this is not seen as a 
counterbalance to similar actions of foreign goverrnnents. 
'!here are several methods by which U.s. manufacturers might seek relief from 
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the effects of NI'Bs, particularly in U.S. markets. Arrong these are the import 
relief ("escape clause"), countervailing duty, and antic:lurrping laws, as well as 
other provisions that direct federal agencies (particularly the ITC) to 
investigate "serious injury" to u.s. finns due .to increased imports or "unfair 
trade practices" (ITC, 1986b). Secticn 301 of the Trade Act of 1974 allows the 
President to enforce U.S. trade rights on his own initiative or in response to the 
filing of a petition. 'Ihis section's applicability is broad, applying to "acts, 
policies, or practices of a foreign goverrnnent that are unjustifiable, 
discriminatory, or unreasonable and that restrict U.S. trade or violate 
international agreerrents" (GAO, 1987b). Although this section has had limited use 
in the past, IOC>re recently (since 1985) it has becorre the Administration 1 s primary 
method for countering unfair foreign trade practices (the Japan semiconductor 
agreerrent was the result of a 301 case) . 'Ihe 301 process invokes dispute 
settlement procedures either bilaterally or under GAT!', depending upon whether or 
not an international agreerrent may have been violated. Some 301 cases have taken 
extraordinarily long to reach resolution, especially under the GAT!' rules. 'Ihe 
President may act prior to the end of the fonnal settlement, by enacting trade 
sanctions, for example, even on COll'II'OCXiities which are not in dispute. However, 
the President traditionally has waited until the GAT!' process or bilateral 
negotiations have been successful. Often the threat of action under 301 may be 
more useful than the action itself (GAO, 1987b, 1985). The recent trade bill 
passed by Congress this year has transferred much authority from the President to 
the Office of the U.S. Trade Representative, increasing administrative discretion 
and potentially speeding the initiation of 301 cases as well as retaliatory 
actions (langley and Mossberg, 1988). Although we know of no marine electronic 
instrumentation cases or investigations pending under 301 or other U.S. trade law 
provisions, it appears that section 301 may have a higher probability of use 
should a case arise in the future. 
In 1986, the u.s. Senate Finance COrmnittee requested the rrc to conduct 
"carpetitiveness stn:ties" in several irrlustries. Although none of the industries 
were related to marine electronic instrumentation, we expect that the methods 
employed by the rrc, including the developm:mt of automated data bases providing 
measures of competitiveness and generic questionnaire formats, are transferable. 
We plan to examine this avenue as we begin the second year. 
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3 . 2 . 3 . Exchange Rates 
'!he fluctuations of exchange rates can have a profourrl effect on 
international trade in c::oil'il'KXlities like marine electronic instruments. Figure 42 
depicts over the decade from 1978 to 1988 the ItDVemant of U.S. dollar and real 
effective exchange rates for several of the major irrlustrial countries in which 
trade in marine electronic instnllrentation is important. Since 1984, the U.s. 
dollar has depreciated substantially, resultinJ in a general improvemant in the 
international c:arrpetitiveness of manufacturers in the United States (IMF, 1988). 
Interviews with irrlustry officials in MEI markets have fo:rmed an impression that 
exports of U.s. manufactured MEI commodities have improved as well with the 
decline in the U. S. dollar.39 
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Figure 42: Foreign ExdlanJe Rates, 1978-87. !blthl.y average U.S. dollar an:l real 
effective rates. Salroe: 1MF (1988). 
39 We would also expect imports to slacken at the same time, but we have no 
ev idence to this effect. 
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We expect that the magnitude of the influence of exchange rate fluctuations 
will deperrl upon idiosyncratic characteristics of i.rrlividual markets. For 
exanple, the effect of exchange rate variation may be lOClre pronounced for large 
volume, low profit-margin C0l'lU1'0Clities that are produced in lOClre than one country. 
'Ihus the CXJIIU1\erCialjrecreational sector is likely to be the most sensitive to 
exchange rate effects. At the other ext.re.ne, inte.rrlational trade in unique 
inst.J:urnents, which may be produced by only a few films in the world and which are 
not easily substitutable, may be virtually unaffected by any but the largest 
exchange rate variations. Further, the extent to which traders engage in long-
tenn contracts for both manufactures and support or maintenance services with 
fixed price arrangements will influence the sensitivity of international trade to 
exchange rate fluctuations. We expect that long-tenn contractual relationships 
are relatively rare a100ng films in this irrlustry and more corranon a100ng countries, 
although further investigation will be required to substantiate this hypothesis. 
Foreign militaJ::y sales, supported at least in part by international economic aid 
programs, may be of the type that are not easily effected by exchange rate 
movements. 
Recent inte.rrlational negotiations that atterrpt to stabilize exchange rates, 
such as the 1987 "I.Duvre Accord," may minimize the effect of fluctuating exchange 
rates on the markets for marine inst.J:urnents. However, the value of the U.S. 
dollar and the related exchange rates may be influenced by numerous factors, some 
of which are beyorrl the reach of inte.rrlational accords. Among these factors are 
trade disputes between nations, which may shake the fourrlations of international 
agreements, and darrestic lOClnetaJ::y and fiscal policy adjustments (rnF, 1988). In 
the future, we plan to focus on the effects of short-tenn exchange rate movements 
on trade in some of the high-volume corranodities for which credible trade data are 
available. 
3 . 3. Technology Pathways. 
'Ihe sources and pathways of inventiveness and innovation in the marine 
electronic instrumentation industry are of great importance to continued 
competitiveness. We have begun to examine the parameters governing technological 
development in this irrlustry, both between the sectors of the business in the 
United States and inte.rrlationally. However, much work remains to be done on this 
topic, which will become a major focus of our continuing study of the marine 
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electronic inst.rtmentation irrlustJ:y. 
3.3.1. Education. 
'Ihe effect of advanced educational programs in marine electronic 
inst.rtmentation on the transfer of technology is a subject of further research, as 
is the involvement of the National Sea Grant College Program. Professional 
conferences arxl seminars provide additional settings for the transfer of knowledge 
arxl technology, arxl also require further investigation. 
Foreign students studying in the United States - arxl in particular, in 
advanced degree programs of study - are likely to be a source of teclmology 
transfer from the United States to Europe, Scarrlinavia, Japan, arxl other nations. 
In the area of scientific oceanographic inst.rtmentation, research 
universities play a najor role in the development of new designs, teclmiques, arxl 
instruments. 'Ihis role is exemplified by the "spawning ground" effect previously 
discussed in Olapter 2 of this report. Like the spawning ground effect, which 
appears to be strongest for oceanographic inst.rtmentation finns arxl which 
nanifests itself IroSt obviously in the United States, the teclmology transfer from 
u.s. research universities to other nations is also likely to be larger in the 
oceanographic/scientific area than any such transfer into the United States. 
American research institutions are, arxl consistently have been, at the forefront 
of oceanographic research arxl inst.rtnrentation design, arxl are therefore attractive 
places of study for European arxl Scandinavian engineers in this field. 
Conversely, U.S. oceanographic en;Jineers have correspon:iingly less incentive to 
attend European research institutions for advanced degrees. Discussions with 
representatives of European arxl Scarrlinavian finns in the oceanographic 
instrumentation business often include references to staff members being "sent to 
the States" for additional education. 
'Ihis is probably not true in the offshore oil arxl gas field. In this area, 
European research institutions historically have been at the forefront due to 
their proximity to the pioneering North Sea offshore developments. In offshore 
teclmology, European arxl Scarrlinavian institutions continue to set the pace, arxl 
U.S. institutions have been catching up since the beginnings of offshore work in 
the Gulf of Mexico. Still, the oil a:xnpanies working t.he North Sea fields spen:i 
large sums on research at European institutions as part of their lease 
obligations; arxl the flow of technology due to foreign students in the offshore 
89 
field is likely to be much less one-sided than in the oceanographic field. 
3. 3. 2. Universities and Independent laboratories. 
Although universities and irrleperrlent laboratories are known more for basic 
than for applied research, even basic research (particularly in the marine 
envirol'lireilt) often brplies "applied" work on and with sensor technology. 'Ihis 
leads directly to the "spawning grourrl" effect discussed in Chapter 2, which has 
direct brplications for the transfer of personnel--and therefore of information 
and teclmology-from universities and goverl'lireilt laboratories to the private 
sector. Irrleed, this is inherent to the very nature of the "spawning" of new 
oceanographic instnnnentation finns: a scientist or engineer working at a 
research university, laboratory, or other institution decides to fonn a commercial 
enterprise in order to produce and market a new instnnnent that was conceived and 
initially developed within the research institution. 'Ihe cormnon occurrence of 
this sort of spawning points to the pervasive inlportance of such technology 
transfer, at least in the United States and (perhaps to lesser extent) Great 
Britain. 
As described in Chapter 2, American oceanographic instnnnentation finns tend 
to be established in the vicinity of the institutions from which they spring. 
'Ibis geographic proximity has brplications for additional transfers of information 
and teclmological developments long after the founding of the finns. 'Ihe founding 
engineer(s) or scientist(s) are likely to maintain contacts with their colleagues 
at the institution (especially since they will be hoping to sell their 
instnnnents to them); they may even continue to work at the institution while 
they start their connnercial operations. Because they are right next door, they 
can easily attend seminars and conferences on oceanographic techniques held at the 
institution. 'Ihese contacts with the research corrnmmity provide valuable market 
information to the finn. In many instances, oceanographic finns maintain strong 
relations with their "parent" institution for many years after the initial spin-
off. 
'Ihe extent to which similar mechanisms are at work around other institutions, 
such as cooperative research centers (NSF centers), remains a topic for further 
research. 
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3 . 3 . 3 . National Laboratories 
'!he role of national (government owned arrljor operated) laboratories in the 
transfer of technology to private finns, arrl their effect on the domestic and 
inteJ:national c:xJI'l'Petitiveness of these finns, is a subject of growing national 
interest. It is possible that technology transfer of this kirKi could help the 
irrlustry in overcoming natural barriers to investment in basic research. 
'!he national laboratories arrl R&D centers involved in the development of 
marine electronic instrumentation are shown in Figure 43. Many of these labs and 
centers are "Navy labs," directly urrler the control, arrl furrled by, the U.S. Navy. 
According to current Navy . Secretary William Ball, "Navy technical activities have 
had technology transfer offices for a.l.Irost twenty years, and we are expanding and 
strengthening this network of f i eld carnmarrl offices." Some of these technology 
transfer offices "specifically [provide] access to technology available for 
licensing and conunercializing, and opportunities for participating in Cooperative 
Research and Development Agreements" (Navy Factsheet, August 1988). The 
effectiveness of these Navy programs remctins a topic for further investigation. 
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Figure 43: u.s. Naticnal I..ab; ani R&D Omt.ers Involved in Marine Electronic 
Instrumentatiat. Adapted fran Paisley (1987). 
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Other programs an::i initiatives which we will examine include those 
established urder the Federal Technology Transfer Act of 1986 [P.L. 99-502], such 
as the Research an::i Technology Applications Offices an::i the Federal Laboratory 
Consortium for Technology Transfer; the Department of Commerce's Center for the 
Utilization of Federal Technology (Cl.JFT) an::i personnel exchange programs 
established urder the Stevenson-Wydler Technology Transfer Act of 1980 [P.L. 96-
480] , an::i other programs run by the National Tec.hnical Information Service. 40 In 
addition, we will further examine the role of special considerations given to 
small businesses in deali.rg with national laboratories and preferences to U.S. 
businesses agreei.rg to manufacture in the United States. 
3.3.4. Intersectoral Transfers. 
Other dimensions of inventiveness an::i teclmology transfer involve the 
relationships between the errl-use sectors. In particular, the flow of tedmology 
between the naval an::i civilian offshore sectors, the two largest customers of 
marine electronic instrumentation finns, bears further investigation. It is 
likely that products an::i teclmiques developed in one sector could find markets in 
another sector; a recent example of this, the military mine-sweeping use of 
civilian ROVs refined for use by the offshore industry, is discussed below. '!his 
corresponds to what may be the easiest sort of transfer, because developments in 
the conunercial and offshore sectors are publicized widely through advertising in 
the trade and popular journals. 
The development of the expendable bathythennograph (XBI') serves as a possibly 
anomalous example of a develop10011t, funded by private R&D investment, which has 
spread through the military, scientific, an::i offshore sectors. There is, however, 
a general problem of the products of R&D not crossing inter-sectoral boundaries 
(Williams, 1988). 
Scientific facilities, such as the Woods Hole Oceanographic Institution 
(WHOI) and its Navy-funded research submarine ALVIN, sel:Ve as "safe places" for 
the Navy to try out new devices. "Halo" labs, less subject to critic ism than 
conunercial ventures, can be more easily used for certain kinds of development 
4° For a brief description of these programs, see; National Tedmical 
Information Service, "Productivity, Technology, and Innovation; Study of 
Alternatives for Privatizing the National Technical Information Service," Federal 
Register 51(81): 15868-15870 (28 April 1986). 
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efforts. 'Ihe research qualifications of scientists at those labs further enhance 
the capabilities for risky developrrents. 'Ihe result is in effect a transfer of 
technology across the military/scientific barrier, in both directions. 'IWenty to 
thirty percent of the rocmey the Navy put into ALVIN in the first 15 years of its 
operation was interned for the testing of concepts arrl procedures in an 
environment where a failure would be less embarrassing than in a military program 
(Williams, 1988). 
A mnnber of failures of R&D efforts, successful in thernsel ves, to cross 
inter-sectoral boundaries, can be cited. Benthos developed emergency acoustic 
beacons to be used to mark lost equipment; these have never caught on in either 
the scientific or the commercial user group. Raytheon developed piezoelectric 
polymer rraterial for a wide-aperture acoustic array, but this has not been used, 
even within the Wide Array project. Passing a particular technology to another 
user group nay be inhibited by the srrall demand for a particular device. For 
example, a limited number of special flex-tensional acoustic transducers were 
built, but they were "swapped around" within arrl between the military and 
scientific user groups, and satisfied the research needs without generating a 
larger market (Williams, 1988). 
'!here are clearly successes as well as failures in the crossing of inter-
sectoral boundaries. Radar and sonar have diffused through all user groups. 
Sonobuoys-in one fonn or another-have crossed the boundaries between offshore, 
scientific, and military sectors. 'Ihe common characteristics of these successes 
seem to be the vast quantities used, military needs, or offshore energy 
companies' demands (Williams, 1988). 
In this time of budgetary constraints, the U.S. Congress has asked the Navy 
to examine the possibilities of using more off-the-shelf, commercially developed 
systems, thereby saving the considerable expense associated with the development 
of similar systems to Navy specifications by military contractors. In the case of 
marine electronic instrumentation, this would mean the Navy procurement of 
instnnnentation systems originally developed for the scientific, offshore, or 
commercial/retail sectors. While this has happened in isolated instances (see 
discussion of mine-hunting ROVs below), it appears that several substantial 
barriers preclude this from becoming a nonnal cx:x;urrence. 
One problem is bureaucratic momentum. 'Ihe Navy procurement system is highly 
complex, arrl staffed with officials who are used to buying systems from military 
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contractors. It will IOClSt likely take nore than an occasional "suggestion" from 
Congress to make a difference in the Navy 1 s starrlard procurement prcx::edures. A 
related issue is the stringent 1tmilitary spec" to which all Navy systems are 
designed, arrl which the COII'U'I'erCial systems would presumably also have to meet. 
Unless special provisions are made, it is not likely that off-the-shelf 
COII'U'I'erCial equi:prent will pass the test of these Navy specifications. Finally, 
the Navy 1 s overall tre.rrl away from item-by-item procurement and towards the 
purchase of large, corrplete systems from major military contractors would also 
appear to decrease the chances of direct transfers of civilian systems into the 
military sector. 
A recent example of a transfer from the offshore sector to the military is 
seen in the adoption by the U.S. Navy of slightly customized off-the-shelf ROV 
systems for mine hunting operations. ROVs were developed largely at the 
instigation of the offshore business, for which they are a less expensive 
alternative to divers or manned submersibles in the installation and maintenance 
of offshore structures. When the U.S. Navy needed additional mine-sweeping 
capabilities on short notice in the Persian Gulf crisis during the spring of 1988, 
they turned to Benthos, a Massachusetts oceanographic finn and ROV manufacturer, 
for eight SeaROVER ROV systems. Under a $3 million contract from the Naval Sea 
Systems Corranarrl, Benthos "militarized" its starrlard SeaROVER design, and quickly 
installed the units on u.s. Navy mine-sweepers in the Gulf, where they soon 
proved valuable in the detection and identification of underwater mines. 
Although Benthos easily could have added manipulators to the ROVs to cut 
mines from their moorings or to carry explosive charges to the mines, this step 
was not taken because established Navy procedures for handling ordnance did not 
permit such activities at the time and had to go through lengthy review before 
any such steps could be taken. 'llie ROVs were therefore used only as roving 
sensors, using both sonar and video systems. '!his restriction of the full 
capabilities of the ROVs points to the difficulty of introducing and using 
conunercial systems in naval operations, as discussed in the section above. 
3 . 3 . 5. International Transfers. 
Industry characteristics such as the ready movement of personnel between 
finns, internationally as well as domestically, and restrictions on domestic trade 
or export of products, are likely to have significant impacts on innovation and 
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the transfer of teclmology in this :irrlustl:y. 'Ihese issues are of clear 
significance to the competitiveness of u.s. marine electronic instnnnentation 
firms, arrl will be pursued during future research in the fonn of case studies of 
teclmological transfer across national J:::x::x.mjaries as well as across end-use 
sectors. 
One group clearly in a position to influence international technology 
transfer are the sales representatives. Sales representatives tend to be specific 
to one countl:y, since they nu.lSt know the intricacies of doing business, arrl 
maintain close contact with the buyers of teclmology within that nation. While 
they serve as nroiators of the sale of marine instnnnentation, sales 
representatives are not always cognizant of the technical details of the equipment 
they are selling, and probably do not serve as personal conduits of technological 
infonnation. 'Ihey do play a large role in the distribution of the instruments 
themselves, however, arrl this international transfer of instnnnents can constitute 
technological transfer on a large scale. 
other topics of further investigation in the area of international technology 
transfer include the role of trade shows, foreign sales corporations, 
international joint ventures, the International Development COoperation Act of 
1979 [P.L. 96-53], arrl other policies such as the Japanese Technical Literature 
Act. 'Ihese considerations also tie in with further investigations of the policies 
governing the enforcement of intellectual property rights in foreign jurisdictions. 

4. Ccllclusicns 
Marine electronic inst.n.noontation encompasses most of the high technology 
tools that are vital to the efficient exploration, understanding, and use of the 
oceans. Technological advance and economic activity in the world's oceans depend 
strongly on this class of technology. Producers of these instruments sell into a 
world market, arrl their consumers span all ocean sectors from undersea defense to 
offshore oil arrl gas, oceanographic research, envirornnental monitoring, 
cornmercial shipping, fishing, arrl recreational boating. U.S. finns face foreign 
competition on nearly 100 percent of their marine electronic instrumentation 
products. 
Marine electronic instnnnentation is a small but critically important area of 
high technology, bridging a world electronics market of $400 to $500 billion and a 
world marine market on the order of $400 billion. High technology products are 
defined generally to include those products for which research and development 
(R&D) expenditures are a significant (pertlaps as high as 5 to 15 percent) 
proportion of sales. Annual production of marine electronic instrumentation in 
the U.S. is on the order of $3 to $5 billion, with perhaps 20 to 30 percent of 
this being exported, and a smaller amount being imported. The world market for 
these products is estimated at about $10 billion annually. 
Four major end-user groups of marine electronic instrumentation products have 
been identified. These are, with their approximate annual U.S. sales volumes: 
(1) the military, $2 billion; (2) offshore oil and gas, $200 million; (3) 
recreational and cornmercial boating and shipping, $500 million; and ( 4) 
scientific and oceanographic activities (including envirornnental monitoring), $100 
million. 'Ihroughout the industrial evolution of marine electronic 
instrumentation manufacturing, a shifting balance of support from these user 
groups has provided the funds and the impetus for the development and introduction 
of new products. Within this balance, the Navy has always been of central 
importance in driving technology development. 
Three largely distinct industry groups supply the products of marine 
electronic instnnnentation. These are (1) the oceanographic/environmental 
instrumentation shops, producing customized research equipment; ( 2) the commercial 
"marine electronics" finns producing retail navigation and communications 
products; and (3) the large defense contractors, specializing in complex military 
systems. An additional, smaller group encompasses the service/ consulting finns 
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that serve the military, offshore, and academic/research user sectors. In the 
u.s. , the oceanographicjerwirornnental instrumentation shops are typically 
established by scientists working at academic institutions or at other small 
finns, who detect the need for an instrument or find a new design or production 
technique that shc:MS economic promise. As a consequence, these firms tend to 
"cluster" aroun:i u.s. academic institutions engaged in marine research. 
'Ihe irrlustrial field of marine electronic instn.nnentation can be described 
broadly as an "irrlustry," on the basis of a common operating environment, product 
line overlaps, shared technical problems, mutual entry capabilities, overlapping 
customer pools, and professional linkages. Some general observations apply to 
the "irrlustry" as a whole. With some variations across industry groups and 
sectors served, it is generally very competitive both in its structure and its 
behavior. Finns tend to seek out differentiated niches or special ties in product 
lines, but there are only IOOdest barriers to mobility across product lines. A 
relatively few firms dominate the supply of large-scale systems development for 
military applications, but sales to most end-use sectors are fairly broadly-
distributed across a m.nnber of small and medit.nn-sized firms. Minimum efficient 
scale of operations in the irrlustry appears to be low (though there may be 
unrealized economies of scale in both R&D and manufacture), and barriers to entry 
and exit are minimal for IOC>St product lines. over-the-counter retail sales are 
important only in the recreational and cornrnercial shipping and boating sector and 
are handled there by an indeperrlent retail sales industry. Independent sales 
representatives provide important marketing services for roost firrns, especially in 
foreign sales. Dernarrl for the industry's output is relatively thin, in the sense 
that only a few items are mass-produced, and suppliers tend to deal with a 
relatively stable set of end users who exhibit fluctuating levels of product 
dernard. 
R&D intensity and the rate of inventiveness and innovation are particularly 
important to the suc:x:::ess of firms in the marine electronic instrumentation 
industry. At the sarre time, the pace of product evolution and new technology 
adoption appears to be 100re gradual here than in roost "land-based" high technology 
industries. Confirmation of this observation, however, requires further study as 
do its irrplications for the pace of advance in ocean science and resource 
development. 
Another important factor affecting the competitiveness of firrns in the marine 
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electronic instrumentation field is the involvement of governments. In addition 
to providing furrls to support R&D, goverrnnents affect international 
competitiveness in this industry through policies governing procurement, 
intellectual property rights, tax allCMances, anti trust enforcement, small 
business encouragements, export controls, import restrictions, exchange rates, and 
technola;y transfer. 
In the United States, existing law specifically encourages the development of 
marine electronic instnnnents, but little has been done to implement these laws 
through either subsidy or other incentives. Instead broader policies have been 
e:rrployed which directly or indirectly have an effect on the i.ndust:cy. Goverrnnent 
R&D and procurement policies have the most direct effect. A rough, conservative 
estimate places federal R&D spending in this field at $500 million annually. 
Although it is difficult in many cases to break-out R&D and procurement funding 
specifically for marine electronic instruments, we estimate (based primarily upon 
Navy figures) that federal R&D in this field is 5 percent or less of federal 
marine R&D spending and federal procurement is 5 percent or less of total agency 
procurement budgets for those agencies with marine responsibilities. 
'!he Navy is the TOC>St important factor in both R&D funding and procurement. 
Only about 10 percent of all Navy R&D can be classified as "basic" research, with 
the other 90 percent directed at "development, testing and evaluation." Nonprofit 
research institutions and universities generally are involved in basic scientific 
research, and furrl:i.ng for this activity with respect to marine electronic 
instnnnentation is split among the Navy, NOAA, and NSF. Private firms and Navy 
laboratories are more likely to be involved in the development and prototyping 
stages. Anti-submarine warfare has been the leading priority for Navy R&D since 
1985 and is believed to have received this e:rrphasis in part because of technola;y 
eli version overseas. Navy funding projections call for cuts in the rate of 
increase in R&D (and perhaps even a levelling-off) as outputs from R&D efforts 
move downstream. 
Navy procurement of marine electronics prcxiucts (estimated at 98 percent of 
federal total) is substantial, representing between 50 and 7 5 percent of U.S. 
domestic sales. Increasingly, there has been a trend toward selecting one prime 
contractor for large weapon system contracts and toward the e:rrployrnent of 
multiyear contracts. '!he effects of this trend on the defense sector of the 
industry are only beginning to be felt, and it is still unclear heM the structure 
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of the defense sector of the in::lustry may be altered as a result. A significant 
portion of defense marine electronic instnnnentation products are sold to foreign 
defense agencies through the goverriiOOnt-brokered foreign military sales (FMS) 
programs. 
Intellectual property right protection in the fonn of patents rarely is 
sought in this in::lustry, where teclmological advances often occur merely as the 
"ruggedization" of existi.nJ teclmology. Research and experimentation tax credits 
are seen as incentives for research by some finns, although this kind of 
allowance may sometimes have perverse effects. Many finns in the industry lament 
the removal of the general investment tax credit. 
'!be relaxation of U.S. antitrust policies relating to joint ventures in R&D 
and patent licensing practices has not had a discernable effect on the industry. 
'!here are only a limited number of cases where joint R&D efforts are undertaken 
between finns in the in::lustry. Small business innovation research (SBIR) awards 
are measurable, but minor, representing only an estimated 2-5 percent of the 
industry Is total R&D experrlitures. 
Some finns have problems with export controls. The extent to which export 
control policy affects finns in this industry is dependent upon product type, 
destination, arrl the size and capabilities of the exporting finn as well as the 
proportion of its sales into foreign markets. Tariffs are not a major trade 
barrier in this industry ( averagi.nJ under 5 percent) , although products 
originating in communist-bloc countries still face substantial tariffs. 
Depending upon their intent and substance, government-sponsored R&D programs might 
be considered a fonn of nontariff barrier to trade. The nature and extent of the 
foreign programs arrl the importance of both domestic and foreign R&D sponsorship 
in international trade will be examined more closely in further research. 
Several other conclusions can be drawn from this study relating to 
international trade. '!here appears to be a strong impression in the U.s. industry 
that "buy-national" requirements in some countries restrict markets for U.s.-
manufactured prcx:lucts. '!be enactment of new legislation governing trade policy in 
the United States arrl the recent U.s. -canada free trade agreement are expected to 
have an (as yet unseen) impact on trade in marine electronic instrumentation. 
Export sales seem to have improved with the depreciation in the U.S. dollar 
relative to the currencies of consuming nations (an expected concomitant 
slackening in imports has not yet been noticed). Trade in corrnnercialjrecreational 
99 
marine electronic i.nst.run¥:mtation may be more sensitive to exchanc.Je rate 
variations than are prcrlucts in the other industry groups. 
'Ihe sources arrl pathways of technol~ transfer, as well as inventiveness arrl 
innovation, in this U.S. industry are of great importance to its continued 
competitiveness. In particular, the flow of technol~ between the naval arrl 
civilian offshore sectors (recently seen in the adoption by the U.S. Navy of 
slightly customized, off-the-shelf RDV systems for mine-hunting operations) bears 
further investigation. In the scientific instrumentation sector, further, the 
mechanisms for dernarrl feedback about customer needs are unclear, arrl a "market 
intelligence" problem may exist for finns in this sector. 
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Marine Electronic Instrumentation 
Product List with Definitions 
Oceanographic/Environmental Instrumentation ("Sensa rs") 
- acoustic instruments: instruments dealing with sound waves 
echo sounder: acoustic sounding device to measure water depth 
hydrophone: instrument for listening to sound transmitted through water, 
usually then transformed into an electrical signal 
sonar (s ound na yjgatjon and r angjng): devices that use sonic or supersonic 
waves to determine the presence and 
location of an object, or the distance to 
an object (seafloor) 
diver sonar: hand-held sonar device used by divers 
side scan sonar: usually mounted on a towed "fish," this sonar 
determines distance to bottom by measuring the phase 
shift between two sound signals transmitted downward 
at an angle; used for (relatively) shallow water 
surveys 
Swath (multi-beam) sonar: usually mounted on the bottom of the 
survey vessel's hull in a longitudinal trx and a 
transverse rev array, this sonar sends separate 
signals to distinct angles; used for deeper water 
surveys (lower frequency that side scan) 
sonobuoy: a buoy that emits a sound signal, usually for positioning/ranging 
sound sources: 
pingers boomers sparkers, ajr guns: underwater sound sources (turn 
electrical signal into sound) 
sub-bottom profilers: low-frequency sound systems (transducers and 
receivers) that produce acoustic "images" of sub-
bottom formations 
transceiver: a transducer that can also receive signals 
transducer: a device that transmits a signal (such as a sound source), usually 
into the water from a vessel, "fish," or buoy 
transponder: a device that, upon receiving a designated signal, emits a signal 
of its own, used for detection, identification, and location of 
objects 
- attitude indicator: instrument that senses the inclination(s) of a platform 
-bathythermograph: instrument that records water temp as a function of depth 
- CPT (conductivity/density/ temperature) measurement: a single probe that measures 
- current meters: 
surface current measurement: 
all of these, often as a function of 
depth; resulting data permit calculation 
of salinity and density 
-dissolved oxygen: probe that measures oxygen content of water 
A-2 
-fluorometer· 
- geophysical instruments: 
geothermal beat (flowl probe: device for measuring temp (and temp gradient) 
in the earth or seafloor 
gradiometer: instrument for measuring the gradient of a physical quantity, 
such as the earth's magnetic field 
gravimeter: measures the strength of earth's gravitational pull 
magnetometer: measures strength of earth's magnetic field 
spectrometer: an instrument used in determining the index of refraction 
spectroradiometer: (?) 
- inclinometer: measures the inclination of a platform 
- metal detectors: 
- meteorological instruments (marine): 
- radiation sensors: 
- salinometer: measures the salt content of water 
salt refractometer: determines salt content by measuring the refraction of a 
beam of light through a water sample 
- satellite sensors: 
- underwater inspection/BOY systems: 
- velocjmeter: measures the velocity of water passing the sensor 
- video imaging systems: TV, still photography, etc 
- "water QUality instrume~: 
dissolved oxygen measurement: 
electronic thermometer: 
salinometer: 
transmissometer: 
turbidity measurement: 
- wave/water level instruments (hydrological): 
tide gauge: 
wave height spectra measurement: often mounted on a buoy; measures waves 
by measuring acceleration of the buoy, then 
uses data processing techniques to determine 
height, direction, and energy spectra 
Data Management Instruments ("Storage and Analysis") 
- amps and preamps: devices that condition an electrical signal 
- analyzers: devices that process a signal or substance 
acoustic analyzers: devices that process an acoustic signal (usually after it is 
converted to an electrical signal) 
acoustic navigation processing: processing of acoutic data (depth info, 
sonobuoy signals, etc) for navigation 
sonobuoy receiver systems: receive and analyze data from a number 
of sonobuoys, usually for positioning 
chemical analyzers: devices that analyze a physical substance for content or 
composition 
electronic analyzers: devices that process an electronic signal 
A - 3 
-computers: processing devices 
-data converters: devices that convert a signal from one medium to another (such as 
acoustic to electronic, etc) 
- data indicators, recorders, and storage: video screens, light-emitting diodes, liquid 
crystal displays, printers, plotters, tape and disk 
drives, etc. (includes depth indicators, etc.) 
~: 
graphic: 
solid-state: as opposed to on removable or flexible media 
submersible: data recorders that can be incorporated into u/w probes or buoys 
(self-contained) 
-software: 
hydrographic survey software: helps with the storage, interpretation, and 
presentation of survey data 
navigation software: helps with course plotting, analysis of navigation signals 
tracking software: helps with navigation in surveying, tracking streamers, etc 
Communication/Navigation Instruments ("Support") 
-antennas: 
- autopilots: (electronic) devices that keep boats/vessels on course by monitoring 
compass heading and adjusting the rudder angle 
- communications eguipment: 
diver communications: 
satellite communications: radio communications relayed via a satellite 
single-side-band ISSB) radios: marine equivalent of Citizens' Band (CB) radio 
very-high-freguency IVHEl radios: EM-range two-way communications, very 
common among recreational and 
commercial boaters 
- electronic chart systems: often part of integrated navigation systems; the chart is 
stored digitally and displayed on a video screen (or plotter) 
- fax machines, receivers/printers !weather charts): radio transmission of weather 
charts and other documents 
- "fishfinder" echo sounders: used by sport and commercial fishermen , acousic 
systems that display acoustic images of objects 
between the surface and the bottom (including the 
latter) 
-fuel management systems (consumption tracking, etc): system that measures fuel 
consumption, aids in improving fuel economy 
- navigation, position fixing, and tracking eguipment: 
depth, speed, and other indicators: 
gyrocompass: inertial compass based on gyroscopic principles 
inertial navigation systems: based on inertial guidance principles 
(measurement of accelerations) 
Loran-e recejyers: Loran-e is a US navigation/positioning system based on 
shore-based radio transmitters; commonly used in 
coastal areas by pleasure craft and others 
magnetic digital compasses: 
A - 4 
Pulse/8 receivers: Pulse/8 is the UK equivalent of Loran-e 
radar systems: a device that determines distance and location of objects on 
the basis of reflections of ultra-high frequency radio waves 
radio direction finders: radio receivers that home in on radio beacons 
radiopositioning systems: usually local sets of radio transmitters specifically 
placed for precise positioning in a particular project 
(offshore installations, etc) 
recreational boat instrumentation (speedometers. etcl: 
satellite locating systems: navigation/positioning using satellites 
GPS IGiobal Positioning System): satellite-based positioning system; 
on-board receiver gets accurate time and 
position info from satellites, calculates speed 
and course 
SAT/NAV (Satellite Navigation): satellite-based navigation system 
- satellite timing receivers: on-board receivers that obtain accurate timing signals 
from satellites 
- telemetry instrumentation: data transmission devices (usually via radio waves) 
digital telemetry systems: transmit data in digital form (1 s and Os) 
fiber-optic telemetry: transmit data via fiber-optic cables (for example, from 
a tethered probe to the vessel) 
photogrammetry: transmission of video images 
video/sonar multiplexing: allows transmission of video and sonar signals via a 
single line 
- telex svstems: 
- transponders: (see Oceanographic Instrumentation above) 
Advanced Military Technology 
- acoustic processor (ASW): device that processes acoustic signals, both "active• and 
"passive• sonar) to detect, identify, and locate subs 
- acoustic simulators (ASW training): training device that simulates acoustic signals 
for interpretation by operators in training 
- countermeasures: measures taken to confound opponent's ASW and other detection 
schemes 
acoustic: means of hiding/distorting a vessel's acoustic "signature" 
electronic: means of hiding/distorting a vessel's electronic/magnetic 
"signature" 
- digital magnetic anomaly detection system: (?) 
- infrared detection systems: devices that detect differences in temperature (heat 
radiation) 
- radar detection (ASW): device that detects radar being used by a submarine (a means 
of locating subs from the air) 
-radar systems: (see Communication/Navigation above) 
inverse synthetic aperature radar (ASW): (?) 
long range maritime surveillance radar: used on surface ships to detect 
vessels, aircraft, etc 
A-5 
-sonar !ASWl: (see Oceanographic Instrumentation above) 
helicopter dipping sonar: a sonar system that is deployed on a tether by a 
hovering helicopter, to look for subs 
- underwater sound surveillance systems: on-board or stationary "passive" sonar 
systems for the detection of subs/ships 
SERVICES 
- oceanographic instrumentation lease and rental: 
- oceanographic survey and exploration: 
- !design) engineering: 
-underwater photography/inspection: 
- data processing: 
- calibration, testing. and evaluation: 
- positioning and navigation: 
A-6 

Appendix B: 
Marine Electronic Instrumentation 
U.S. Firms 
Source of Sales and Employment Data: 
Dun's Marketing Services, Million Dollar Directory, 1987. 
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Appendix C: 
Marine Electronic Instrumentation 
Non-u.s. Firms 

key: 
Marine Electronic Instrumentation 
Non-US Firms 
lnst Instrumentation Firm 
ole 
oog 
specializing in oceanographic/environmental instrumentation 
specializing in offshore oil & gas instrumentation 
data 
MarE 
Mil 
Serv 
specializing in data management instrumentation 
Marine Electronics Firm (commercial/recreational) 
Defense Contractor 
Service-Oriented Company 
Fullerton, Sherwood E·ng Ltd (?) 
International Submarine Eng Ltd (?) 
Mil? ? 
Mil? ? 
Australia 
Nautronix lnst integrated long and short baseline 
Steedman Ltd 
Under Sea Australia Ldt 
Underwater Systems of Australia Ltd 
Cananda 
AGE Instruments 
Applied Microsystems Ltd 
Barringer Research Ltd 
CAE 
Candian Astronautics Ltd 
Canadian Marconi Co 
Caulfield Engineering 
CompuNav Systems Ltd 
Computing Devices Co 
lnst 
lnst 
Mil? 
lnst 
ole 
lnst 
ole 
lnst 
Mil 
lnst 
MarE 
lnst 
MarE 
Mil 
positioning sys 
data collection/processing 
specialized instrumentation 
ROV technologies 
? 
optical particle counters 
portable salinometers, etc 
oceanographic instrumentation 
(CTD, water ... ) 
aquaculture monitoring systems 
magnetometer systems 
ASW ("MAD") detection systems 
(aircraft) 
data processing SERVICES 
navigation equipment 
sonar systems 
NAVSTAR GPS receivers 
Omega and Doppler navigation 
systems 
acoustic core stereo side scan 
micro (data) processors 
specialty sonar systems 
autopilots 
ASW acoustic processors 
C-2 
C-Tech Ltd 
CTF Systems 
Fenco Newfoundland Ltd 
Guildline Instruments Ltd 
Hermes Elec Offshore Data Sys 
' Huntec('70} Ltd 
Hyco Submersibles Ltd 
International Datacasting Corp 
International Submarine Eng Ltd 
The McEihanney Group Ldt 
Mesotech Systems Ldt 
(subs Simrad) 
Metocean Data Systems Ltd 
Nortech Control Equipment Inc 
Nova Scotia Reseach Foundation 
Offshore Survey and Positioning 
Services Ltd 
Optech Inc. 
Quester Tangent Corp 
RSI Robotic Systems lnt'l Ltd 
Mil? 
lnst 
oog 
lnst 
data 
lnst 
ole 
lnst 
Serv 
oog 
lnst 
MarE 
lnst 
Serv 
oog 
lnst 
lnst 
ole 
lnst 
Mil 
Serv 
oog 
lnst 
lnst 
lnst 
sonar u/w detection, classification, 
tracking 
geophysical/oceanographic 
magnetometers 
transducers 
data collection/processing 
CSTD oceanographic systems 
laboratory salinometers, digital 
thermometers 
bathythermographs 
communications equipment 
data links 
sonobuoys 
high res marine (deep} tow seismic 
systems 
seismic subbottom profiling 
instruments and SERVICES 
ROV technology 
satellite-based network for 
transmission of full-sized charts 
from central database 
ROVs and associated equipment 
SERVICES: navigation and 
positioning; surveys 
acoustic scanning/profiling, 
obstacle avoidance 
echo sounders 
general surveillance sonars 
navigation/telemetry/transponders 
pingers 
oceanographic and meteorological 
data acquisition and argos 
transmitter systems 
acoustic navigation equipment 
u/w photographic systems 
fluorometers, oxygen meters, 
transponders, etc 
ASW dipping-sonar, etc 
navigation and rig positioning 
surveys and profiling 
airborne scanning laser system 
compact, field system for real-time 
navigation, graphics, data logging, 
and post-processing 
ROV and data telemetry systems 
C-3 
Scintrex Ltd 
Seaboy Marine Services Ltd 
Seakem Oceanography Ltd 
Seimac Ltd 
Sonotek Ltd 
Vemco Ltd 
Western Subsea Technology Ltd 
Denmark 
Eiva NS 
Navitronics A.S. 
Reson Systems APS 
Finland 
Hollming Ltd Electronics 
Rauma Repola 
France 
Creo S. A. 
Crouzet 
CSI 
ECA 
Hytec (Hydro-Technologie) SA 
lnst 
lnst 
lnst 
ole 
lnst 
ole 
lnst 
oog 
lnst 
Serv 
lnst 
data 
lnst 
lnst 
lnst 
lnst 
lnst 
data 
Mil 
Mil 
lnst 
lnst 
data acquisition systems 
optical pumped high sensitivity 
magnetometers 
portable atomic absorbtion 
spectrometers 
autonomous robotic buoys 
autopilots (navigation} 
satellite/radio telemetry systems 
physical, chemical, and biological 
oceanographic instruments 
custom oceanographic instruments 
and integrated data systems 
digital data acquisition systems 
geophysical and meteorological 
instruments 
u/w telemetry and instrumentation 
systems 
oceanographic and offshore 
engineering design SERVICES 
software for navigation and survey 
mapping 
navigation data processing systems 
survey echo sounders, velocimeter 
advanced sonar, transducer, 
hydrophone systems 
acoustic navigation systems 
distributed data processing 
networks 
hyroacoustic instrumentation 
multi-beam echo sounders 
navigation equipment 
(shipyard associated) 
data collection, satellite systems 
digital magnetic anomaly detection 
(ASW) 
mine countermeasures ROVs 
integrated bathymetric systems 
ROV technologies 
u/w cameras and ROV technologies 
C-4 
Nereides 
Oceano Instruments SA 
Sercel 
Service Argos 
Suber S.A. 
Thomson Sintra ASM 
Germany (West) 
Dr. Fahrentholz - Kiel 
Honeywell Elac Nautik GmbH 
Hydro-Bios Apparatebau GmbH 
IBAK Helmut Hunger GmbH & Co KG 
Krupp Atlas Elekronik 
ME Meerestechnik-Eiektronik GmbH 
CTDs, etc 
Salzgitter Elektronik GmbH 
SIS Meeres- und Umweltmesstechnik 
Japan 
Furuno 
I COM 
Kowa Corp 
Mitsubishi Heavy Industries ? 
Mitsui Engineering & Shipbuilding ? 
Nippon Electric Co ltd, Radio 
Applicance Div 
Sumitomo Metal Mining Co 
Ocean Resource Dept 
Union Engineering ltd 
lnst oil spill detection systems 
satellite (Argos) transmission 
systems 
wave spectrum etc buoy systems 
lnst acoustic positioning, navigation, 
tracking 
data transmission and telemetry 
oceanographic and geophysical 
instruments 
lnst positioning systems 
Serv environmental, XBT, location 
terminals for satellite data 
transmission/collection 
lnst u/w and meteorological instruments 
and data loggers 
Mil sonars, u/w communications, 
precision positioning, data 
processing, echosounders, etc 
lnst integrated survey echo sounders 
and laser positioning and recording 
system 
lnst survey sounders and digitizers 
lnst CTD probe, time-depth-temp 
of e recorders, etc 
lnst specialized (u/w) television 
systems 
M i I advanced echosounders 
Swath and other survey systems 
I nst acoustic current meters, 
Mil sensor technologies: CTD, etc 
lnst electronic digital thermometers, 
CTDs, etc 
MarE radars, etc 
MarE radios, etc 
? low cost ROVs 
? ? 
? ? 
Mil? u/w acoustics, marine systems 
lnst on-site digital processor for 
surveying manganese nodules 
lnst electromagnetic current meters 
C-5 
Netherlands 
Van Essen B.V. 
instruments 
Norway 
Aanderaa Instruments 
instrumentation 
Fjord Instruments NS 
Kongsberg Navigation NS 
MIROSA.S. 
Oceanor, Oceanographic Co. of Norway 
Robertson Tritech NS 
ROVTech A/S 
Seatex A.S. 
Sensordata NS 
Simrad-Bergen Ocean Data 
Simrad Subsea A.S. 
Sweden 
Navtex 
Standard Radio & Telefon AB 
lnst current, depth, water level 
lnst oceanographic/meteorological 
ole 
lnst 
MarE 
lnst 
lnst 
lnst 
lnst 
lnst 
ole 
lnst 
ole 
lnst 
ole 
lnst 
hydrophones/arrays 
differential GPS and integrated 
navigation sys 
inertial navigation systems 
remote sensing equipment 
wave radar system 
oceanographic data acquisition 
systems, data analysis, 
forecasting, etc 
ROV systems technologies 
ROV systems technologies 
buoy systems for metocean data 
collection and analysis, and 
transmission 
GPS software for offshore 
positioning 
miniature current meters and 
salinometers with internal solid 
state data loggers 
automatic weather stations 
meteorological/oceanographic 
systems 
ultrasonic current meter 
hydroacoustic position reference 
system, etc 
MarE telex receiver 
MarE telex receiver (for navigation) 
United Kingdom (England, unless otherwise indicated) 
AB Precision (Poole) Ltd lnst echosounders 
Ametek Offshore Co (Scot) lnst ROV technologies 
Andrews Hydrographic Ltd lnst survey data logging/navigation 
systems 
Bathymetrics Ltd lnst real time combined SWATH depth 
sounder and sidescan sonar system 
Bennico Ltd (Scot) lnst acoustic survey and current 
profiling systems 
ROV technologies 
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British Aerospace Dynamics Div 
British Aerospace Naval and 
Electronic Systems Div 
Britsurvey Div of Britdive Ltd 
Brookes & Gatehouse 
Brookes & Gatehouse Industrial Div 
Caledonian Geotech (Scot) 
Camera Alive Ltd 
Cetrek Ltd (subs Marinex) 
Chelsea Environmental Instruments 
Chemlab Instruments Ltd 
Colnbrook Instrument Development Ltd 
Concept Systems Ltd (Scot) 
T&J Crump Scientific Instruments 
DBE Technology Ltd 
Deep Ocean Engineering (Scot) 
Deep Ocean Robotics 
Del Norte Technology 
Dowty Marine Systems Ltd 
Druck Ltd 
EDO Almondbury Ltd 
EEV (subs of Gen Elec Co, England) 
Efcom Incorporated (Scot) 
E.S. Products 
Mil 
Mil 
lnst 
data 
lnst 
lnst 
Serv 
oog 
lnst 
MarE 
lnst 
ole 
lnst 
ole 
lnst 
lnst 
lnst 
Mil 
lnst 
Serv 
lnst 
lnst 
lnst 
lnst 
lnst 
lnst 
lnst 
acoustic transducers (and other 
military) 
Versatile Exercise Mine System 
(VEMS) 
marine mine simulator/trainer 
positioning software, signal 
digitizing packages 
anemometers, echosounders, 
fluxgate compasses 
ultrasonic surface current meters 
meteorological instruments and 
recorders 
geophysical survey SERVICES 
u/w cameras, offshore 
photogrammetric system 
autopilots 
in-site fluorimeter, turbidity 
measurement 
oil sensing 
transmission/logging of data 
water and oceanographic analysis 
instruments 
electromagnetic water velocity 
meters 
gyroscopes 
integrated navigation/tracking 
systems 
tranmissometer, turbidity meter 
u/w light sensors 
acoustinc positioning, hydrophones 
ROV technologies 
ROV SERVICES 
electronic distance measurement 
and positioning 
receivers for navigation, survey, 
and geodetic 
sidescan sonar systems, including: 
thermal linescan recorders 
pressure transducers and indicators 
ultra-short baseline acoustic 
positioning system 
marine magnetrons (part of radar) 
diver communications and 
navigation systems 
data acquisition and monitoring 
systems 
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Ferranti ORE Ltd 
Fugro-McCielland Ltd 
Gardline Surveys 
Geodata Systems Ltd 
telemetry, and 
Geofix Ltd (Scotland) 
(subs Oceonics Group Pic) 
Geografix Ltd 
Geosite Surveys Group 
Geoteam UK Ltd (Scot) 
Horizon Exploration Ltd 
(subs Horizon Exploration Holdings) 
Hunting Surveys Ltd, Marine Div 
Hydraulics Research Ltd 
Hydrovision (Scot) 
Kelvin Hughes Ltd 
Kemo Ltd 
Littlemore Scientific Eng. Co. 
Magnavox Systems Ltd 
The Marconi lnt'l Mar Co Ltd 
Marconi Space and Defence Sys Ltd 
Naval & Ocean Eng Div 
Marconi Underwater Systems 
(subs LEC ?) 
MAR EX 
Marine Acoustics Ltd 
Marine Electronics Ltd 
Mil 
lnst 
Serv 
Serv 
lnst 
oog 
Serv 
og 
Serv 
oog 
Serv 
oog 
Serv 
oog 
Serv 
lnst 
MarE 
lnst 
data 
lnst 
MarE 
MarE 
Mil 
Mil 
lnst 
Mil 
lnst 
acoustic flowmeters and tracking 
systems 
long-range acoustic telemetry 
systems 
sonar image record enhancement 
system 
sub-bottom profiling systems 
marine geotechnical SERVICES 
survey, positioning, and ROV 
SERVICES 
lnst acoustic navigation, 
control systems 
integrated nav/pos system for 
offshore explor. 
I nst integrated 
offshore positioning, data 
acquisition and interpretation 
hydrographic and marine 
geophysical surveys 
seismic and bathymetric data 
processing SERV's 
seismic data acquisition, 
processing, interpretation 
hydrographic, oceanographic, 
marine geological and geophysical 
surveys 
offshore position fixing 
data acquisition SERVICES 
ROV technologies 
radar, automatic radar plotting aid 
sonar navigation systems 
custom electronic filters and signal 
processing 
towed and diver-held 
magnetometers/metal detectors 
satellite communications and 
navigation systems 
marine communications 
navigation aids, radar 
integrated navigation, location and 
positioning, sonar, sub-sea 
tracking systems 
GLORIA seafloor mapping system 
u/w diver communications systems 
ocean data systems and weather 
stations 
acoustic systems and transducers 
acoustic sector scanning sonar 
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acoustic navigation/telemetry 
systems 
Marine Microsystems Ltd (Ire) lnst seabed data acquisition and 
interpretation systems 
Measurement Devices Ltd lnst bathymetric survey packages 
laser positioning systems 
Mertech Systems Ltd (Scot) Serv ROV and survey SERVICES 
Micromake Electronics lnst radio telemetry systems 
data 
Mobell Survey Ltd Serv hydrographic survey SERVICES 
NBA [Controls] Ltd lnst wave crest wave profiling, etc 
NBA Environmental Systems Ltd lnst environmental data acquisition 
ole systems 
Norcom Technology Ltd lnst hydrographic surveying software 
data 
Nortech Surveys Serv navigation and positioning SERVICES 
for surveys 
Oceano Instruments (UK) Ltd lnst satnav/acoustic integrated systems 
u/w acoustic systems, long and 
short baseline 
Osel Group lnst OOVs 
Osprey Electronics Ltd (Scot) lnst u/w video equipment 
Plessey Naval Systems Group Mil ROV (mine countermeasures) 
technologies 
Qubit lnst real-time integration of sonar and 
positioning 
high res ~onar logging to optical 
disk 
digital sonar enhancement 
techniques 
Racal Marine Systems Ltd MarE radio, acoustic, and satellite 
Mil positioning 
survey recording and processing 
systems 
various radar systems 
Racal Survey Ltd Serv worldwide survey SERVICES 
Raymar Technical Services Ltd lnst portable surveying sounders 
Robertson Autopilots UK MarE gyrocompass autopilots for survey 
vessels, etc 
Schaevitz EM Ltd lnst angular position/inclination 
transducers 
pressure measurement offshore and 
sub-sea 
Seaeye Marine lnst ROV technologies ("low-cost ROVs") 
Seametrix Ltd (Scot) lnst acoustic locating/rangefinder 
systems 
diver navigation systems, ROV 
technolgies 
Seateam (UK) Ltd Serv Quod plus computer charting system 
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Seaway Technology Ltd (Scot) 
Simrad Albatross Ltd (Scot) 
Smiths Industries 
Sonar Research and Development Ltd 
Sonardyne Ltd 
Spiro Diving Services Ltd (Scot) 
SUTec (UK) Ltd (Scandinavian 
Underwater Technology) (Scot) 
Technical Survey Services Ltd 
Technical Survey Services Ltd (Scot) 
Tower Computer Systems 
Transamerica Instruments Ltd 
T.T. Surveys 
UDI Groups Ltd (Scot) 
(subs John Brown pic) 
Ulvertech Ltd 
Valeport Marine Scientific Ltd 
David J. Vyner Ltd 
Waverley Electronics Ltd 
(Waverley Div, Dowty Mar Sys) 
Wimpol Ltd 
oog 
lnst 
lnst 
lnst 
lnst 
lnst 
lnst 
lnst 
lnst 
oog 
lnst 
data 
lnst 
data 
lnst 
lnst 
data 
lnst 
oog 
lnst 
lnst 
ole 
lnst 
lnst 
Serv 
offshore support SERVICES 
survey and navigation systems, 
including a survey and field 
planning computer system 
acoustic positioning systems 
sonars, echo sounders, etc 
sonar for submersibles (sidescan or 
ahead mode) for surveillance, 
navigation, etc 
acoustic tidal gauges, etc 
data transmission, dispiay, 
storage, and processing 
integrated vessel and ROV 
navigation systems 
high accuracy system for tracking 
multiple 3D seismic streamers 
sonar acoustic positioning systems, 
transponders 
communications systems 
ROVs for mine countermeasures 
processing instruments for high res 
seismic surveys and graphic 
recorder annotator system 
signal processing equipment 
software/hardware for 
hydrographic surveys, data 
acquisition, and electronic charting 
data acquisition and recording 
systems 
high res seismic data recorder 
high definition scanning sonar 
offshore survey and positioning 
systems 
dual scanning profiler 
obstacle avoidance sonar 
oceanographic instrumentation 
(self-recording current meters, 
etc) 
inexpensive telemetry systems 
RF rangefinder and bearing units 
survey sounders 
computer controlled modular 
sidescan sonars 
worldwide survey SERVICES 
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W.S. Ocean Systems lnst current meters, salinometers, 
ole fluorometers, transmissometers, 
irradiance meters, etc 
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.Awen:lix D: Export OJi:Iltols: O"mJn:lity List Entries Pertaini.rg to Marine 
Electronic Inst:runeltati.an 
1391A .. Robots", "robot" controllers an::l "robot" end-effectors; an::l specially 
designed components therefor (including those for undenvater use) 
1417A SUl:::Brersible systems, even when inco:rporated in a submersible vehicle 
2418A Manned Slll:marsible vehicles that may be discretely operated with an 
autonomy equal to or greater than 10 hours 
4417B Urrlenvater photographic cameras and associated equipment 
1418A Deep sul:::lrrergence vehicles, manned or unmanned, tethered or untethered, 
capable of operating at depth exceeding 1000m, and specially designed 
associated systems 
1501A Navigation, direction firrling, radar an::l airborne communication 
equipment 
1502A Communication, detection or tracking equipment of a kind using 
ultraviolet radiation, infrared radiation or ultra-sonic waves, and 
specially designed components therefor. 
1510A Marine or terrestrial acoustic or ultrasonic systems or equipment 
specially designed for positioning surface vessels or undenvater 
vehicles, or for locating or detecting undenvater or subterranean 
objects or features, an::l specially designed components of such systems 
or equipment, including but not limited to hydrophones, transducers, 
beacons t.owed hydrophone arrays, beamfonners and geophones (with 
specific listed exceptions) . 
5510C IX>ppler sonar navigation equipment; and parts and accessories. 
1516A Radio receivers, including panoramic and digitally controlled radio 
receivers. 
1517A Radio transmitters. 
1519A Single- and multi -channel COitUliUl1ication transmission equipment. 
1520A Radio relay COitUliUl1ication equipment, specially designed test equipment, 
an::l specially designed components. 
1521A Solid-state broadband anplifiers and related equipment having an untuned 
barrlwidth exceeding 100 MHz or output power exceeding 50 W. 
D-2 
1522A lasers arrl laser systems including equipment containing them. 
1526A cable arrl optical fibers (including underwater conununication cable). 
1529A Electronic measuring, calibrating, counting, testing, and/or time 
inte:rval measuring equi:J?IOOI1t, whether or not incorporating frequency 
st.arrlards. 
1531A Frequency synthesizers. 
1565A Electronic corrputers, "related equipment", equipment or systems 
containing electronic corrputers; arrl specially designed components and 
accessories (except personal computers) . 
1571A Magnetometers, magnetometer systems and related equipment, and specially 
designed parts therefor. 
1585A Fhotographic equipment (including high speed cameras and film) . 
1586A Acoustic wave devices arrl specially designed components therefor. 
1595A Gravity tooters (gravimeters), gravity gradiometers and specially 
designed components therefor. 
6598F other electronic and precision instruments specially designed or modified 
for geophysical or mineral prospecting or for the examination, 
testing, or controlling of equipment (including equipment specially 
designed or modified for offshore floating or bottom-supported 
drilling arrl producing structures including all gathering equipment). 
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